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Ground-Water Development in East St. Louis Areq, Hlinois

by R. J. Schicht

ABSTRACT

The East St. Louls srea extenda along the valley lowlands of the Misssslppt River
in southwestern iiinois and covers about 173 square miles. Large supplies of ground
water chiefly for industrial development are wilhdrawn from permeable sand and
gravel In uncunsolidated valley fill in the arca. The valley N)) composed of recent al-

| has an avernge thickness of 120 feet. The
the valley Nl commonly excesds 2000 gsllora per day
oot {gpd/sq Tt1; the coeflicient of transmissibility ranges from 30,000 to
ns per day per oot (gpd/f1). The Ionk-term corfficlent of storage of the
n the water-table range.

Pumpage from wella incresacd from 2.1 million gallons per day (mgd) In 1900 te
110.0 mgd In 1956 and was 105.0 mxd in 1982. Of the 1962 total pumpage, #1.1 percent
was industrial; 6.4 percent was for public water supphes; 2.3 pereent was for domentic
uses; snd D 3 percent was for ir7 k M I rated in five major pump-
ing conters: the Alton, Wood River, Granite City, ! City, and M. aress

As tha result of heavy pumping, water ievels declined about 50 feet in the Mon-
santo area, 40 feet In the Waod River srvs, 20 feet in the Alton ares. IS (eet in the
National City ares, and 10 feet tn the Granits City ares from 1900 to 1962. From 1987
to 1961 water levels in the Granite City srea recoversd ahout 30 feet where pumpage
decreased fram 318 to 8.0 mxd. Pumping of wella and draining of lowlands have
considerably reduced ground-water discharge to the Misaisaippl River, but have not
reversed at ail places the natural slope of the water table toward that stream. In the
vieinity of some pumping centers, the water table has been lowered below the river
and other streama, and induced infiltration of surface water i occurring.

Jy from pt lon based on fow-net analysis of plezumetric maps
varies from 299,000 to 475,000 gelions per day pef square mile {gpd/aq mi). Subsurface
flow of wates from bluffs bordering the area Into the aquifer aversges about 329,000
gullona per day per mile (gpd/ml) of biuff. Infiitration rates of the Mimsimippl River
bed according 16 the resulta of squifer tests range from 344,000 to 37,500 gallons per
day per acre per foot (gpd/scre/it), Appronimately 30 percent of the tots} pumpage
In 1963 was derived from induced infiitration of surface water.

An electric analog computar consisting of an analog mode) and excltation.response
apparatus was constructed for the East St. Louls ares so that the consequences of
further development of the aquifer could be forecast. The accuracy ami refiability
of the analog computer were eatablished by comparing actual water-level data with
plezometric surface maps prepared with the analog comiuiter.

The analog compuler wis used 10 sstimate the prectica
ating pumping cenlert Assuming that critical waler lev
water frvels are below tops uf screens and/ur more than

dewatered, the praciica) sustained ylelda of all existing
withdrawals, ¥ in the AFEA ly wiil exceed the practical sus-

tained yleld by 1966; the practical sustained yicld of other pumping centers probably
will not be reached untll after 1980, The analog computer was aiso used 1o describe
the effects of & selected scheme of development and 10 determine the potentlal yleld
of the aquiler under an sssumed pumping condition.

’

talned ylelds of ex-
vecur when pumpling
w-ha)l of the aniller \s
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INTRODUCTION

The East Bi. Lomsis area has been one of the moat
favorable ground-water areas in Ilinols. It Is underiain
AU depths of 170 fivt or less by sand amdd gravel anuifers
'hat have heen profific sourcrs of water for more than 50
yrars. The available ground-water resources have pro.
mated Indusitial xpansion of the area and also facilitated
uihan growth

The tremendous Industrial growth in the East St
[ouis area has brought about local problema of water
supply. Heavy concentrated pumpage in the Granite Clty
area callwd water levels to decline 1o critical siages
during an extrndonl diry period (1952-1958). An a result,
an industry w; wreed to abandon e well field and
construct & plpe bine (o the Missisaippl River (or its
waler supply

This report presents a quantiialive evaluation of the
ground-water resources of the East St. Louix area and
Is based on all data on Ale at the State Water Survey and
in other published reports. The geohydrulogic rharacter-
Istics of 1the ground-water reservair are given alimg with
an analysis of past, present, and prohable future develop-
ment of ground-water resources. Basic geologic, hydroln.
gie, and chemical data, maps, and interpretations sppli-
cable to iocal problems and io regional and long-range
interpretations are presented 1o provide & basis for
water-resnurce planning and a guide to the develapment
and conservation of ground water in the area.

Although this report summarizes preaent-day know.
ldge of ground-water conditions In the East St. Louls
area, it must he considered 8 preliminary report In the
wease that it ia part of a continuing study of the East S1.
L.ouls ground-water resources. The conclusions and In-
terpretations in this report may be modified and cxpand-
ed from time to time as more data are obtalned.

The Siate Water Survey accelerated lis program of
ground-waler investigation In the East St. Louis area In
1941 afier siarming water-level receasions were ohserved
by local industries sapeclally at Granlte Cliy. Water-
irvel data for the perind 1941 through 1931 were sum.
marized and the ground-water withdrawaln in 1951 were
dincuswd hy Heuin and Kmith (1951 The groumd water
grology of the area has been deacritust hy 1he Stale Gen-
lopiral Survey (lergaienm and Walker. 1938). Ground.
water levels and pumpage In the area during the period
1R90 through 1981 were discussed by Schicht and Jones
11962) Other repnria periaining o the ground-water re-
warces of the East St. Louis ares are lisied In the refer.
ences at the end of thig report.

Wel-Numbering Systew

The well-numbering system used in this report le
based on the location of the well, and uses the tawnship,
range. and sectioh for identification. The well number

consists ul five parts: county abbreviation, tuwnship,
range, sevilon, and cuordinate within the seclion. Secs
tiona are divided Into rows of Yj-mile squares. Each Y,
mile square containg 10 acres and curresponds (o & quar-
ter of a quarter of a quarter section. A normal section
of 1 square miie confains 8 rows of Y4-mile squares; an
wdd-s{zed section containe more or fewer rows. llows are
numbered frum east to west and letiered from south to
north as shown In the diagram.

T
* * *
L 41 CQlalr County

X EEE TN

17 TN, RIOW
+ hd .4.4 * ¢
N \asal Section 23
Fee+tedr
et d L i?
8765%4132

The number of the well shown Is; STC 2N10W.23.4c.
Where there is more than one well In s 10.acre square
they are iilentificd by arabic numbers after the lower case
ietter fn the well number.

There are paris of the East 8t. Louis ares where sec-
tion lines have not heen surveysd. For convenience in
lucating obsecvation wells, normal section lines were as-
sumed 10 exist In arcas not surveyed.

The abbreviations for countles discussed in this re-
port are:

Madt MAD M MON  St. Clalr STC

In the lNating of wells owned by municipalities, the
place-name s followed by V, T, or C in parentheses to
indicate whether 1t Is a village, lown, or city, except
where \he word City Is part of the place-name.
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GEOGRAPHY

The East 8t. Louis area, known locally as the “Ameri-
can B " isin m Nlinols and includes por-
tions of Madison, S5t. Clalr, and Monroe Counties. It en-
compasses the major cities of Esst 8t. Louls, Granite
City, and Wood River, and extends along the valley low-
lands of the Mlaalssippl River from Alton south beyond
Cahaokia sz shown In figure 1. The area cavers about 173
square miles and Is approximately 30 miles long and 11
miles wide at the widest point. Inctuded i3 an area south
of Prairie Du Pont Floodway containing Dupo and East
Carondelet.

Topography and Drainage

Mosnt of the East 8t. Louis srea lies in the Till Plains
BSection of the Central Lowland Physiographic Province
{Fennaman, 1914; and Leighton, Exblaw, and Horberg,
1948). The extreme southwestern part of St. Clalr County
and the western part of Monroe County lle in the Salem
Plateau Section.

Much of the area lies in the flood plain of the Missls-
alppl River; the topography conalsts mostly of nearly
level bottomiand. Along the river channel the flood plain
slopes from an average elevatinn of 415 feet near Alton
10 405 feet near Dupo. In the northern part of the ares,
terraces stand above the fiood plain. A terrace that ex-
tends from East Alton to Roxana is at an elevation of
440 to 450 feet or about 25 ta 35 feet abave the flood
plain. North of Hormeshoe Lake much of the area is
above tha flood plain at elevations ranging from 420 to
433 feet.

The eisvation of the 1and surface near the eastern
bluff fa 30 to 50 fent higher than the general elevation
of the valley bottom. The bluff, slong the eastern edge of
tha valley boltom, rises abruptly 150 (0 200 feet above
the lowland. The topography immediately east of the
bluff consists of rather rugged uplands.

Monka Mound, which rlses 85 feet above the flood
pisin, ls the largest of a group of mounds just east of
Falrmont City. The shape of the mounds indicates an
artificial origin; however, some nf them may be r

teibutaries drain much of the Mood plain and the uplands
bordering the flood plain. The valley botiom fa protected
from flooding by a system of leveen that fronts the Mia-
sissippl River and the Chatn of Rocks Canal and flanks
the maln tributaries. However, finnding does oaccur in
parta of the area because drainage factlities which con-
vey and niore major flood runaff from the nod plain and
the upland watersheds are Inadequate (Tlinols Diviston
of Waterways, 1930). The southeastern part of the area
near Cahokia, Centreville, and Grand Marain Siate Park
Is particularly affected hy fonding. Figure 3 shown areas
fooded after hesvy rainfslt on Msy 5. 6, T. 8, and 19,
1961,

Prior 1o settlement of the East St. Louis ares, flood-
waters from the Mississippi River and its tributary
streams, Wood River, Cahokta Creelr, Canteen Creek,
Schoenberger Cresk. and Prairfe Du Pont Creek, fre-
q ly inundated large of the valley bottom.
The water table was pear the surface and poorly drained
sreas were widespreud. Development of the area led to
a system of drainage diiches. levees, canals, and chan-
nels, Actording to Brutn and Smith (1951} the natural
lake area between 1007 and 1950 was reduced hy more
than 40 percent and 40 miles af impmved drainage
ditches were constructed during the same periad: this had
an effect of lowering ground.water levels by an estimated
2 10 12 feet. ,

The present drainage system i shown in figure 2.
Much of the flow from the upland areas east of the bluff
is diverted into four channels that traverse or flank the
valley bottom, thence flow to the Mississippl River. The
four channels sre Wood River, Cahokia Diverston Chan-
nel, Prairie Du Pont Floodway, and Canal No. 1.

Wood River carriea Now from the conflusnce of the
East and West Farke af Wood River north of East Alton
soulh-southwest to the Mississippt River. Much of the
channel of Wood River is levesd.

The Cahokia Diversion Channe! Intercepta flow from
Cahokia and Indlan Creeka in se¢ 7, T4N, REW, Madison
County, and dlverts it westward to the Miasissipp! River.

Prairie Du Pont Floodway )3 a relocated and im.

of an earller higher flvod plain (Bergstrom and Walker,
1938).

Dralnage ls normally toward the Mississippl River
and its tributaries; Wood River, Cahokia Diversion Chan-
oel, Cahokia Cinal, and Prairie Dy Pont Floodway. The

proved ch I of Prairie Du Pont Creek and conveys
runoff from Cana) No. 1 and Prairie Du Pont Creek near
Stolle weatwsard to the Mississippl River. In addition {t
carries Now from the valley bottom druinage atea north
of Prairie Du Pont Creek and from Harding Ditch.
Canal No. 1 Intercepts fow from several small upland

3
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 streams between Prairie Du Pont Floodway and the
southem edge of Centreville and discharges the flow into
the floodway.

The valley bottom iy drained through Indlan Creek,
several small ditches north of the Cahokia Diversion
Channel, Long Lake, Cahokia Cansl, Lansdowne Ditch,
Harding Ditch, the Blue Waters-Goose Lake Ditch system,
and the Desd Creek-Cahokla drainage system. In addi-
tion, closed siorm sewer systema drain much of the urban
areas within the valley botiom.

Long Lake drains much of the ares to the north of
Horweshoe Lake. During periods of overflow {t drains tnto
Horseshoe Lake through Etm Slough.

The Cahokia Cannl consists of an improved and leveed
channel along the 0ld cnurse nf Cahokia Creek. The canal
begins In sec 14, TAN, ROW, fiows southeasterly to sec 31,
TN, REW, and then southwesterly around the southerm
end of Horseshoe lake, through National City and the
northwestern corner of East St. Louts to the Mississtppl

River. Discharge to the Mt ppl River is by gravity
flow during perlods when tha atage of the Missiasippl
River Is low; when the river la at floni stage, water s
pumped from Cahokia Canal to the river at the North
Pumping Station. Runaff in racess af the storage capacity
of Cahokia Canal or of the pumping station ls stored
temporarily in Indlan and Horseshoe Lakes until It can
be discharged Info the river. The principal tributaties to
the cana! are Long Lake (by way of Horseshoe Lake),
Lansdowne Ditch. Canteen Creek. and seversl amall
streams to the east.

Harding Ditch begrine st Caseyville and flows south-
westerly to Park Lake in Grand Marals State Park, which
acta as a regulating pearrvolr, thenee 1n Pralrie Du Pont
Flaodway, Discharge to the Missiaaippt River I elther
by gravity flow or pumpa at the South Pumping Statinn.

The Dead Creek-Cahokia dralnage system drainas mnat
of the Monaanio and Cahokia arens. The nytlet of the rya-
tem 18 to the Prairie Du Pont Floadway at the Cahokia
Pumping Station.

“The Blue Watecrs-Goose Lake Ditch syatem drains the
area rast of Cahokia, southwest of Centreville, and north-
went of Harding Ditch and Prairie Du Pont Floodway.
Goose Lake Ditch discharges into Blue Waters Ditch near
Harding Ditch, Blue Waters Diich can discharge into
Prairle Du Pont Floodway or Harding Ditch when the
flondway Is at low stage; when the stage of the floodway
{s high, runoff is storwd temporarily in Blue Waters Diteh
and adjacent low sreas.

Numerous lakes were formed In the flood piatn by
the dering of the ppi River. Many of the
1akes have heen dratnad and the ariginal ltke bottoms are
now being cultivated. Tahle 1 gives data on the more
Important Jakes now In existence.

Toble 1. Areas and Water-Surface Elovations of Letes®

L wawe
sariecy srea ourfare clevelina

whas (ult when fult
labe _ gernr! 1} shere mdy
MecDonough ™ 404
long RS 4158
Horseshas 2%m ang
Canteen L1} am
Park ann any
Spring n «ia

Fram IMiams Miridan of Wetrewan (10U}

The average gradient of the Missiasipp! River from
Alton 10 Dupo is abeut 8 inches per mile. The average
gradients of Wond River. Cahokin Diversion Channel,
Cahokia Canal. and Pralrie Dy Pont Finodway are given
in 1abie 2 The gradients af strenma draining the uplands
east of the hluff are much greater, ranging from ahout
6 feet per mile for Cahokia Creck to about 30 feet per
miie for Schoenberger Creek.

The Chaln af Racks Canal was ennstructed to bypam
the reach of the Mirsisaippl River knnwn as Chain of

3
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Toble 2. Average Gradients of Tributeries to
Misslnippi River

Crwdoent
Trwary e =
Wand River 5
Csahakia Diversion Channel 2
Cahokia Canal 1.7
Prairie Dy Pont Floodway 18

Rocks Reach (figure 1), which was dificult (» navigate
because the velocity of the river sometimes excreded 12
teet per second. In addition, the navigable depth In (hain
of Rocks Reach was reduced to 3.5 feet when the stage
of the river was Inw. The canal, which was opencd to
river trafic on February 7, 1933, Is 300 fert wiide at the
btiom and ahout 550 feet wide at the top, and has a
tutal length of 8 4 mites. In the vicinity of Graniie City
the canal was widened, for a distance of 6750 feet, to
& bottom width of 700 feet. A depth of slightly less than
13 feet at minimum low water stage ls provided al the
tower end of the canal downstream fmm Lock No. 27.
At the upstream entrance of the canal, a minimum depth
of 10 4 feet Is provided.

The {ocations of stream gages in the East 8t Louls
ares arv thown in figure 2. The U. & Geological Survey
measures the discharge of the Missimippl River at Alton,
snd at St. Louls. The discharges of Indian Creck nesr
\Wanda and Canteen Creekk near Caseyvilie are alsg meas-
ured by the U.S. Genlogical Survey, and the discharge of
Long Lake near Stallings was d from Decemb
1938 to December 1949. Exiremes and average dixcharges
«f streams are given in table 3.

L PY
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During the 1932 to 1836 drought the average dis-
charge of Indian and Canteen Creeks was reduced con-
siderably. The average dally dischasrge was 6.23 cuble
feet per second (cfs) in Indlan Creek at Wanda and 581
cfs in Cantern Croek near Caseyville. There was no flow
In thess sircams during many days in the summer and
fall months of the drought perfod.

The Now of the Misalssippl River In the East 8t. Louls
area is afircted by many reservoirs and navigation dams
In the upper Misntssippl River Basin and by many reser-
volrs and diversions for irrigation in the Missouri River
Basin. Along the reach of the Misslssippl River from Al-
ton to Dupo the fow of the river (a affected by Lock and
Dam No. 26 at Alton, the Chain of lincks Canal, and Lock
and Dam No. 27 at Granite Clty on the canal. There Ia a
low waler dam on the Missisalppl River south of the
narthern end of Chaln of Rocks Canal

Floodwaters from the Missvurl River enter the Mls-

sisslppl River shove the gaging station at Alton when |

levees along the Missourt River are nvertopped. Overflow
Irom the Missourt River was estimated by the U. S Geo-
logical Survey and is given In table 4.

Mississippl River stages In the East St. Louls ares
are measured daily at Lock and Dam No. 26 at Alton; st
Hartlord, INinoin; Chain of Rocks, Mismuri; Lock No. 27
At Granite City, Iilinois; Bissell Point, Missouri; St.
Loule, Missouri; and the Engineer Depot, Missourl. The
elevalion of the maximum river stage at Alton was esti-
mated to be 432.10 fret and occurred in June 1844; the
efevation of the minimum stage was 390.50 feet on Jan-
uary 27, 1954, Thr clevation of the maximum river stage

Tabls 3. Stresmflew Records

. Averaae
) Lacation = —o e S i
Deainagr of fefa) feft) L.ﬁ.. e o
wes . and date of and doir of ngth 19320
Homam (g o) _matema _mrcwrreacy ocrurtency o _mwd droughe
Mirsimippl River 171,500 At Alton, 437,000 7.960 93130
mile 202.7 May 24, 1943 November T, {948 33 ycars
upktream from
Ohio River
Misinaippd River 00,000 AL St Louis 1,300,000°* 1R.N00 174,700
mile A0 June 1844 Decomber 21-23, 1083 99 years
upatream from
Ohto River
Indian Creek n At Wands, 9,340 o Hus 623
SE % NW Y Auguat 13, 1848 21 yeans
aee 31, TSN, RRW
t g lake S At Stallings, 1] ot a3
NW ', NW 1§{ Aungust 18, 1948 12 years
are, 12, TAN, ROW
Cantern Creeh n At Caneyville, 10,200 ot 178 sat
N WNWY June 13, 1937 22 years
sec 6. T2N, RsW
* Renimaied

13000 Aow sucamed duving svial pomeds in doowght roent

o
at 8t. Louls was 421.26 feet and occurred on June 37,
1844; the elevation of the minimum stage was 373.33 feet
on January 186, 1940.

Table 4. Overflow irom Misseurl River
Maslwws

roe OTYLEN Lumme CEUT

May 21-June 4, 1943 1,073,000 May 24, 1943 90,000
April 20-May 13, 1944 891,000 April 30, 1944 90,000
June 29-July 19, 1547 887,000 July 2, 1947 65,000
July 5-31, 1951 2,534,000 July 20, 1581 310,000

Climate

The East St, Louls area lies in the north temperate
zone. Il climate 1s characterized by warm summers and
maoderately cold winters.

According to the Atlas of 1linois Resources, Section
1 (1958), the average annual precipltation in the East 8t.
Louis area is abwut 38 inchen Precipitation has been
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messured at St. Louls since 1837. Graphs of annual and
mean monthly preciplitation collected by the U. 8 Wen-
ther Bureau at Lambert Field near St. Louis (1903 tn
1962) and st Edwardsville (1930 to 1962) are given In
figures 3 and 4, reapeciively. According 1a the recorda at
Fdwardsvilie, the months of greatest precipitation (ex-
creding 3.5 Inches) are March through August; December
is the month of least precipitation having 2.07 inches

In addition to precipltation records avaliable for Ed-
wardsville, St. Louls, and Lambert Fleld, records for dif-
ferent perlods are available fur the gaging stations given
In table 3 within and near the East St. Louls area.

The annual maximum precipitation amounts occurring
on an average of once In 5 and once In 50 years are 43
and 57 inches, respectively; annual minimum amounts
expected for the same Intervals are 31 and 25 Inches,
respectively. Amounts are based on data given In the
Atlas of Illinols Resources, Section 1 (1958),

The mean annual snowfall 1s about 17 inches On the
sverage, sbout 18 days a year have 1 inch or more, and
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Figure 3 ‘Annvel ond mean menthly presipitation
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Figure 4. Asnnuel and mean monthly peoaipitetion
at Edwardeville
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aboul § days a yrar have 3 Inches or mure, of ground
MWW Cover.

Based on records collecied at Lambert Fleld, the mean
snnunl temperature is 3.4 Y. June, July, and Augus! are
the hotiest months with mean temperatures of 752, 79 8,
and T18 F, reapuctively, January ts the coldest month
with a mean temperature of 32.1 F. The mean length of
ihe growing aeasnn Is 198 days.

N Yt

A large part of centrai and n Nitnols, | g
the East St. Louin area, experienced a severe drought
beginning in the |atter part of 1932 (Hudson and Roberts,
195%). For the perind 1933 through 1958, cumulative de.
fAciency of precvipltation at Edwardsvilie and Lambert
Field was shout 22 and 34 inches, respeciively.

An intense rainaform. excreding 18 inchee tn 12 houra
at piaces, occurred June 14 and 13, 1937, The storm
discussed in deiatl by Huff ot al. (1958). A }eavy rain.
storm also occurred August 1415, 1946, when over 11
inches were recorded at East St. Louls.

Table 8. Pracipitetion Gaging Stations
[ — Lessiion of gage
Shell Oll Ca. Wood River
East 5t Louls and

Interurtinn Water Co.
East Side Levee and

Choutesu lsiand

Sanitary Dist Centreville
Eant Nide leves sl

Sanitary Dist, Collinsville
Fast Side Leves and

Samtary Diat, Edgemont
Fast Ride Leves and

Sasdtary st Milmtadt

Standard Ol Co.
1inois State Water Survey
American Smelting and

Woml River
Lakeaide Alrport

Reftaing Ca. Atlton
Olin Mathieson Chemical Ca East Alton
U. S. Weather Bureau Colllnaville

1 8. Wenther Ryreau iellevilie, Seott
Alr Force Rase

Alton Dam 26

Eant 8t. L.ouis,

Parks College

U. 8. Weather Burcau
U. S. Weather Rureau

GEOLOGY AND HYDROLOGY

Large supplirs of ground water chiefly for industrial
development are withdrawn from permeable sand and
gravel in unconsotidaten] valley All In the East St. Louls
area. The valley fill Is composed of recent alluvium and
glacial valley-traln materiat and is underlatn by Mirsis.
sippian and Pennrylvanian mchs conslsting of [imrsione
and dolomite with subordinate amounis of sandstone and
shale The valley All hag an average thicknesa of 120 feet
And ranges in thickness from a feather edge, near the
Wuff boundaries of the area and aling the Chain of
Rocks Reach of the Misgissippl River, 10 more than 170
feet near the city of Waod River. The thickness of the
valley fill excerds 120 feet (figure 3) in places near the
center ol a huried brdmck valley that bisects the aren as
shown in figure §.

According to Bergasirom and Walker (193G) recent
aliuvium makes up the major portion of the valley Ol
in most af the area. The affuvium s composed largely of
fine-grained materials; the grain size increasca from the
wrface down Recent alluvium rests on older deposits
including valley.train maieriata in many placea, The val.
ley-train materials are predominantly medium.1n coarse
sand and gravel, and Increase in grain size with depth.
The coarsest deposits most favorable for development
are commonly encvuntered near bedrock and often aver.
age 30 to 40 feet in (hicknens. Logs of wells in cross
section A—A’ in figure 7 and in table 8 show that the
valiey filt commonly grades from clay to siit to sand and
gravel Interbedded with layers of silt and clay with In.
crrasing depth.

The valley Al 1s immediately underiain by bedrock
¢ k of Misei, age in the western part of
the area and bedrock formations of Pennsylvanian age
in the eastern part of the area. Because of the low per-
meahility of the bedrock formations and poor water
quaifty with depth. the rocks do not constitute an im-
portant aquifer in the area.

Seils

The soils of the East St. Louis ares were divided into
three groups by the University of Illinols Agricultural
Experiment Station as follows: bottomland soils, silty
terrace solls, and sandy terrace soils. The bottomland
solls In St. Clalr County were divided into seven ol types
by Smith and Smith (1938) ss follows: Beaucoup clay
luvam, Drury fine samdy loam, River sand, Newart silt
loam, Gorham ciay loam, Dupo siit loam, and Riley fine
sandy loam.

thrury fine sandy loam exiends In a very nsrrow etrip
alung the Misslssippi River. It Is a graylsh-yellow to yel-
low, light brown, medium-to-coarse sand with variable
thickness, usually 7 feet. The subsurface and subsol) are
not wetl developrd. Surface drainage Is stow to rapid and
permenbility la rapld.

Beaucoup ciay lvam, Newart siit inam, Gorham clay
loam, and Dupo silt loam cover much of the ares. They
are generally dark gray to grayish brown clay loams to
siity clay loams 6 10 13 Inches thick., The subsurface var-
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Teble 6. Logs of Selected Wel®

1y Sista Cosdogudd Sorrey 1w hols 3 (19%) — Resana Woier Works, SK
S NB \a BEVY SRV, we 21, TIN, RO, Modion To Semplss nuéud by
R & Brgueem £u ddee MY forr

Thic baen. thepas
_t) i
Pleistooene Series
Wk or older P
Clay and silt, yellowish brown,
noncalcareous 10 1
Siit and clay, with fine sand, yellow.
ish brown, lumpa of pink elay,
s 15
iy, pink-xtaimed
Quariz greins 15 Bl
No samples LY N
Sand mavium, light reddish brown,
falenremie, subfiiunled gralna,
hyolite poiphyry, teldapar,
gray-wacke milky chery 13 b}
Sand, medium 10 couame, as shove 30 ™
Sand, fine to very cvamne, light Wrown,
dirty, gray aift, conl, mics 0 o
Sand, medium to cngrer, tight red.
dish brown, subrmunded 10 Bub-
Rraine, dant felaspar,
reddish slitatons and rhyolite
porphyry 13 [0
Sand coarse 1o medium. as above " ns
Sand, very roame, as abnve L3 120
Kand, very coarse, wilth granule
Rravel, subanguiar 10 angular
grains, chert. roddiah aittatone,
ETanite, gray-wacke 8 m
Penngylvanian System
Shale, gray and hrown LT a5

Vit dae Od Compony wall 3 (J902)— 130 foot N, 1798 (oot B o SW corner sov
W TN, RO, Valiwn (o Somplos wudind by R £ Aergotrom Ew. ciov
(1)

Thichuon Tepih
) oo
Visiatarene Nerles
Recent
No samples N n

Sandt very Nne, well suried, olive

Kray, motiysk shell fragmenia,

utmindant mucs, coal, wond h .3 ™
St and chay, with Ane sl nnd

smafl grave!, gebhics ta & lnch,

mlhish shell fragments, caleareous 8 ™

Wisconsin or older Pleistacene

Sand, dium 10 roarse, yel

brown, dry sample has pinkish

cant, grains aithrounded 10 rounded,

alightly calcarvous 40 1"
Sand and nebhle gravel, pebbles 10

13 Inchen in dinmeter, abundant

Chert, himesione, gray-wacke,

rhyulite 78 1228

Hiboohs Govdogroad Suirs
g o NE N
Stodind by R & Bey,

 Rote 2 11954} T witon jorm: 4300 1os1 3 of BO°
W, Cebolra Quadremgls, §i. Cisir Co.
ot alev 00% fost

Plelstocens Series
Recent and older altuvium

Stit and clay, dark bruwnlah gray s 3 *

Silt and clay, with fine sand, dark
hrownish gray, calcareous, mica 10 13

Sand, fine to medium, dirty, dark -

olive gray, micn, woud fragments,
coal, tiny calcarenus apiculen,
ahell fragmenta 3 43
Sand, conrse to very coarse, with
Rranule gravel, ataindant feldegparc,
KrAnite, grny-wacke, chert, aml
PO N ™
{ +, wilh conrse to
very coarse aanl, quartz, granite,
chert, dolomtie granulrs (dritier
reports boulders) n (3

Gravel, granyle size with broken
limeatone rnck, chert (pebble count
of S0 pehbles - 13 gray-wacke and
Ane-grained bhaale igneovs rack: 12
chert, brown, reddish, and cream.
eulored; 11 quariz; 3 feldapar: 4
limentone; 4 granite: 1 dolomite);
broken rock conxlats of aharp
angular limestone, granite, rhyollte

porphyry, and chert wn 108
Broken rock (Hmestone rubble above
solld bedrock?) and granule gruve! T3 1123

Uslow S1rih ond Mofining Compony (1934)- 930 fos1 § of MW" N,
2190 foer B of 0% IF W, 13N, RIOW, Modisen Co. INmels Grologiesl Hur-
oo semple 4t 29408, Srnded by K B Rergwiom Fui. dlee B2 feor.

Thichness Depeh

. iy
letatocens Serien
Hecent and older aluvhum
Nolt, ciay, and wift, dark gray io 10

3 40

10 80

abundant dnrk graine of Igneous
rocks, ferTomaynesilum minerals,

con) 10 L4
Gravel, granile size, with coarse
sand, granuies mainly Igncous
rocks and feldspar 10 ™
No samples 10 80
Sand, medium 1o Nne, colcarsous
spiculen, subanguiar graing, coal 10 90
No samples [ [ N

Table ¢ (Continued)
e 7o 72

8and, very coarse t0 conrse, with

granule grave!, pinkish cast,

shundant pink-staine! quariz

wraine, subangiinr (0 subrounded

graine 15 110
Sand., medium, well sorted, pink,

subrounded to subangular graina,

abundant pink feldspar H] n3

SProm Bergrirom sad Walke: (19%)

ies from silty loam to clay and is generally 3 to 3 feet
thick. The subsoll is not well developed The permeability
and surface dralnage is generally slow; the permeability
of Newart alit loam ta maderate

Riley fine sandy loamn covern much of the area near
Monsanin, Cahokin, and Centrevilie It Ia a light brown,
fine sandy loam R 1o 10 inches thick The aubsurface I
a loamy fine sand R to 12 inches thick, and the subanil
1z a fine sandy loam whth occanional clay leness Surface
drainage 1a moderate to rapid and permeadlitty 1s mod-
erately rapid.

Drury fine sandy toam is a brownish yellow to yellow-
ish slit oam to very fine sandy loam and s variable In
thicknaess. It extends along the bR in stripa varying in
width from a few feet to several milen The subsurface
19 & sllt lnam 1o sandy loam ahout 3 feet thick. The sub-
sofl 2 not well developed. Surface dratnage s rapld and
permeability is moderately rapid.

‘The solls in the East 8t. Louis area in Madison County
have not heen divided intn anil types. Acconding to Me.
Kenzie and Fehrenhacher (1961} hottomiand solla pre-
dominate; however, slity terrace aoils extend (n a narmw
strip along the hluffs fust snuth of Cahokia Creek to the
Madison-St. Clair County Ine, And in an area that ex-
tends from just south of Wond River southeast through
Roxana and terminates a few miles southeast of Roxana.
Sandy terrace aolls extend In a strip a few miles wide
from East Alton to Wood River and In & narrow strip
scutheaat of Toag to ahout 3 miles northweat of Cllen Car-
hon; sandy terrace salla alan occur in an aren southeast of
Roxana.

The hattomiand solia In Madi County axhihit s
wide range of characteristion similar to those of the solt
typea In St. Clalr County. The silty terrace and sandy
terrace solla have mnderately good to gond dralnage and
moderately rapld 1o rapld permeability.

Occurrence of Ground Water

Ground water in the valley fitl occurs under leaky ar-
tasian and water-table conditions. Leaky artesian con-
ditiors exist at places where fine-grained alluvium, con-
sisting of slit and clay with some fine sand thal impedes
of retards the verilcal movement of water, overlirs

coarner gliuvium and velley-irain deposite; water in these
deposita is under artesian pressure. Under leaky artesian
conditions, water lovels In wells rlse above the tap of the
vailey-tratn and coarse alluvium deposite 10 siages within
the Aner grained alluvium. Water-table conditiona pre-
vail at many places where alluvium in missing and the
upper murface of the zone of saturation is in velley-tratn
deposita or the coarser slluvium, and at places within
deep cones of depression created by heavy pumping where
water levels in wella rise to stages within the valley-train
deposits or the coarser alluvium and water 1 unconfined.

As shown in figure 8. leaky artesian cundlitions pre
vall in most of the area. Water-table conditions prevatl In
a wide bett from East Alton through Poag where alluvium
ig misaing and heavy pumping in the vicinity nf Wond
River has Jowered water leveln betow the bass of the finer
grained alluvium. Water-tahls ennditions sino prevail In:
1) the Monsanta and Natlonal City arean where heavy
pumping has lowered water levels to stager within the
vallcy-train depoalts and cnarser alluvium: 2) an area

Figwre 0. Lucotion of aresy whars water-tobla soaditiam provell



through Dupo and along the northern reach of the Chain
of Rnacks Canal where the finer grained alluvium ia thin
and waler levels are in the cnarser depnsits; and 3) lo-
cally In the vicinity of well fields in the Granite City nrea
and nther sreas where the saturated thicknew of the
fner grained alluvium is not great. The raturatad thick-
ness of the finer grained alluvium (s greatest west of

HYDRAULIC

The principal hydraulic properijes of the valley At
and stluvium influencing water-level diclines and the
yields of wells In the FEast St Loulg arca are the onef-
feients of transmiseibility. nr permeablllly, and storage.
The capacity of a formation tn tranamit grmind water s
rxpreasad by the corflicient nf tranam y. T, which
is defined aa the rate of Aow of water in gallons per dny,
through a vertical sirlp of the squifer I foot wide and
extending the full saturated thickness under a hydraulic
aeadient of 100 prreent (1 faot per foot) at the prevailing
femperature of the water. The corfficient nf transmicaihii-
ity ls the product of the aaturated thickness of the aqul-
fer. m, and the ensflicient of permenbility, P, which Is
defined 3 the rate of flaw of water in gallona per day,
fhrough A croms-anctinnat anva of 1 aquare fnot of the
Aquifer under a hydraulic gradient nf 100 percent at tha
prevailing temperature of 1he water. The storage prop-
eiies of an aquifer are expressed by the coefMclent of
rtorage, & which is defined as the volume of water re-
ifased from atarage per untt surface area of the aquifer
pee unit change in the water fevel.

UG ¥/ f 2401 AR AR i e :.b_.wf:“ Q wiqﬁ, .;ﬂ«.wér s.«.f

Poag near the center of TAN RSW, atong the Misslealppl
River nesr Venicr, and in an area 4 miles northwest of
Collinsville.

Because water nccurs most commonly under Jeaky ar-
fesian conditions. the surface ta which water rises, as
defined by water levels {n wells, in hereafier called the
plezometric surface.

PROPERTIES
Aquifer Tauts

The hydraulic priperties of the valley il and alluvi-
um may he determined by means of aquifer tears, where-
in the effret of m ing A well at n known conxiant rate
is measured Int imped well and at ohacrvatinn welln
penefrating the aquifer. Graphs af diawdown versus time
After pumping started, snd/or drawdown versus distance
from the pumped well, are used to snlve equstinns which
exprese the pelation between the rocficients of transmia-
sibility and storage and the lowering of water Jevels In
the vieinity of A pumped well.

The data onliected during aquifer tets can be sna-
lyzed by means of the nonequiliheium formula (Thels,
1835), Further, Wallon (1982) dracrihes a method for
applying the Theis formuin ta aquifer teal data enlincted
undee water-tnble eonditions, and gives equations for
compensating ohserved values of drawdown for decreanes
In the sajurated thickness of an squifer.

Six controlled aquifer teste were made during the
period 1932 tn 19R2. The results of the testa are summae-
ized in table 7.

Teble 7. Results of Aquiter Test

Conefls.

Coelt iews of
Desn Dursiis Prmping o trens.  Batrsten  mome Cowfl Mocked
Voratlon of o ol v vate bt thicknes  shuliy  crent of of
Ovemr et s _ = Ltdenl_rpms o] ST ard e Coiaae malysa®

Min Mathissnn
Chemical Corp.

Clry ot Wand River

Madisin County, May 29.
TIN,. RAW aec 19 Jun 1, 1ra

Madison County,
TN, ROW, see 22 N 21 2t 1082

Sheil OU Co. Madison County,
TSN, ROW, nec 33 Mar 1.4 1952
Snuthwentern Madison Ciminty,
Campas of T, T4N, RRW, wre 20
Fdwardnville Trr 1117 1RO
Maohi! Ol Co. St Cialr County,

TIN. RIOW, aec 25 12t 15 26 1961

Mansanta Chemics? [t Clalr County,
Corp. TIN, RIOW,_sec 27 Aug 4 R }952

AP Aeoncdrmmdens. 1 1 pens duomiemrs

k] Tn "N (L] wan 0 n.n
1 491 134,000 an 2240 0.15% n.o
3 s 210,000 100 21 0.002 D-D
4 Bt 131,000 Ed 1580 nnan T-D
1 30 212,000 kb 2000 000 TN

4 Hnn 210,0nQ

i

0082 T-D

An aquifer teet was made October 25 and 26, 1961,
at the Mobll Oit Company Refinery near Monsanto by the
State Water Survey {n cooperutfon with the company.
Tha test sile was located In an area ahout 2600 fret north
and 3300 feet west of the iniersection of T2N, R10W and
TIN, R9W. Tha effects of pumping well 19 were measured
in test well 8, well 8, and well 20. The locations of wells
used in the test (inst 1) and test wells for which drillers
ioga are available are shown in Agure 9. Pumping was
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Figurs 9. Location of wolls ysad (n aquifer test |

started et # 8.m. October 25 and continued for 24 hours
at & constant rate of 430 gpm. Pumping was stopped at
9 a.m. October 26 and water levels were allowed to re-
cover for 1 hour, after which a step-drawdown test was
conducted. Water Jevels were measured continuously with
a recording gage in well 6, and pertodically with a stee)
tape in well 20 and test well 8.

Well 19 13 18 inches In diameter, was drilled to &
depth of 114 feet, and (s equipped with 35 feet of No.
30 continuous stot Johneon Everdur screen between the
depths of 79 and 114 feet. The well in an artificial pack
weil with a pack thicknesa of about 9 Inchies. Well 8 s
18 inches in dianeter, 113 feer deep, and ia screened at
the bottom with 30 fect of 18-inch diameter Johnson
Everdur acroen with varylng cnntinuous slol aizes ot 40,
50, 70, and 90. The thickness of the pack ls not known.
Well 20 Is 24 Inches In dlameter and s 107 feet deep;
there is 33 feet of 24-Inch dlameirr Johnson Everdur
screen at the bottom. The lower 175 feel of the screen
In Nn. 100 slot and the upper 175 fret is No. 80 slot.
The pack thickness is 9 inches. Text welt B (a 8 inches in
dlameter and 103 feet doep The sereen and casing are
constructed of wand. The scieen in 51 toet Jong with
& by 3-inch sloir. The thickners of the pack 1a 3 inches.
The Ings of wells are given In inhle 8

A time-drawdown field data graph (figure 10) for
well & was superposed nn the nonmquilibrium lype curve
devised by Theis and described by Jacob (1940), The
Thels (1938) nonequilibrium equations werg used ta de-
irrmine cvefficlents of iransmiuibility and storage of
the aquifer for dnta on the first and third segments of
the time-drawdown graph. The coefficient of storage
computed trom the firnt segment of the time-<drawdown
curve {s In the arteslan range and cannot be used to pre-
dict long-term declines of the water table, The coefM-
cient of storage (0.10) computed from the third aegment
In In the waier-table Fange. The encfMclent of transmis-
albillly computed from the thinl segment s 212.000
zpd/h.

An aquifer teat (teat 2) was made December 13.17,
1960, by Warren and Van Prasg. Inc., Layne-Western
Company, and the State Water Survey In coopemtion
wilh the Bouthweatern Campus of Sauthern Tliinoste 1ni
versity near Edwardsville. The tres( nite I lncated west
of Edwsrdsville In secilon 20, TAN, REW. Three wells
a8 rhawn (n figure 11 were ussl. Pumping was staried
at 1:45 pm. December 13, and was continuad at & oon-
stant rate of 308 gpm untll 12:30 p.m. December 17,
Pumping was then siopped and water tevels wore allowed
to recover for 1 hour. At 1:30 p.m. pumping was resumed
at successive rates of 200, J00, 400, and 500 gpm. each
maintained for 30 minuter. Water levelr were messyred
perindically In the nheervation welln and pumped well
during the test.

Observation well 1 was 2 Inches in diameter snd 94
feet decp, and the bottom 3 feet of pipe wan alottad. Oh-
servation well 2 wasz 2 Inches In diameter, R9 fret drep,
and the bottom § feet of pipe was sloftted. The pumped
well was 10 Inchea in diameter and wan drilled to a depth
of 95 feet; 20 feet of screen was (natalled at the bottom.
The well wan an artificiat pack well with & pack thickness
of 33 Inches. Logs of wells are glven in tahle 9.

A time-drawdown field data graph (figure 12) for
ohservation well 2 wan superposed an the noprquilthrium
1ype curve. The Theln (193%) rquations were used ta de
termine coefficients of trancminsthility and storage of the
aquiter for data on the thin) segment of the time-draw.
down curve, The corfMicient of transmissihiiity was com-
puted tn he 131,000 gpd/ft. The corflicient of storage
(0.020) is In the watrr-tahle range.

An aquifer teat (1est 1) wan made November 20 and
21, 1962, by Warren and Van Prang, Inc, Layne.-Weatern
Company. and the State Water Survey In cooperation
with the city of Wond River. The test aite wan locrlead in
sec 28, TSN, and ROW. Rix wells as shown in fAgure 11
were used. Pumping was started at 9:43 a m. November
20 and was continued at R constant rate of 491 gpm untit
R:15 a.m. Navemhor 21, Pumplng was then stapped and
water levels wern alluwed 16 recover for 30 minutes. At
9:10 a.m. pumping wae resumed and A step-drawdown
test wan conducted Recording gages were installed In

1
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Toble 8. Drillers Logs of Wells Used in Aquifer Test |

Fomeima

Test Well &

Clay M

Fine aand

Fine to medium gray sand

Madium 1o coarse sand

Fine sand

Metium ta coarne 2and

Medwum sand

\Maodiim 1o rmarse sand

Very marme sand

Coarve tn medium sand with cobhles

Conre tn medium tand

Mrdium to fine sand with grave!

Meium sand with gracel

Fine sand with grovel at 1008 fort

Fine to coarss anrmed with gravel and
cubhles

Coarse sand to heavy pravel with
robbles

{unahie 1o drill beynnd 108 9 fert
trcnime nf heaty enhivieal

Pormusion

Tost Well 9
I, clay, grevel
St and sandy shit
Medivm gray sand
Fine sand, gray
Medium sand. gray
Coaree sand. gray, trace of clay
Very rmarse sand with gravel
Medium conrse pand with gravel
Coarse gravel aand with gravel
Very eviarse sand with gravel
Coarse sand and very cmarse sand
Coarsr to mediom sand
Fine to medium asnd with cohbles
Fine sand
Fine to medium sand
Medium enarse sand with grave)
Very raree sand with grave! and

lignite, cohhies al 84 fret
Crarse tn medium sand
Very fine rand
Fine sand with gravel, enhhien al
13 feet

Crarse annd with gravel
Coarse mand with gravel and mbhics

Teat Well 10

Gravel AL gumbn
ark =il

Fine gray sand
Dark Ane sift
Medivum fine sand
Fine sand

4

From

n
40
9@

52
aR
2
(S
77

™S

Lh)
mna

on
"wes
m

"
n
n

43

ins

)

(i

Ta

»
LH
a5
64
33
n
Riv
L1

an
oS
"%

Ry

Te

amn
4
4]
v
b
R
(3]
R
72
R
™A

R

R s
o4
1n

02
104
1

n
a2
u

4N
a1

Tent Well 10 1Continued)

Dark geay slily sand

Fine sand

Medinm fine annd

Very conrme sand with poa gravel
and lgnite

Very conme sand with cobbles

Very roarne aand

Medinm coame sand with eohbles
from 89 10 9) fee)

Fine sund

Very fine aand

\Very fine sand with cobhlea at 1005 fret

Coarne Aand with rohhies

Coarse annd with cvbhles

Conrne aand

Conene xiind with jrus el

Fumation

Test Well 11

Mixture of clay, A, siit, iy ash
Fine gray it
Very fine gray sand
Fine gray sand
Fine in medium gray sand
Medlum gray aand
Mrdlum to Aine grny sand
Medlum to coarse mand
Fine 10 medlum sand
Medium to fine sand
Meainm aand
Coarse nand
Very roarse aand with eobbles
Medium to cnarne sand with cohblea
Fine to medhim aand
Medfum 10 coarne rand with
% -tnch grave)
Very canre sand and gravel with
houtders

Farmaina

Well 20
Slity aandy gray clay
Medium gray sand
Fine gray aand
Coarne gray xnnmd
Fine to medium gray sand
Very fine sand
Very eonrse rand with 2.inch gravel
Medium sand with gravel
Medium to conrar sand with gravel
Very enaree annd with pea gravel
Mediom (n coarae sand with gravel
Coarve sand
Very roarse sand with pea gravel
Medium 1n caarse sand
Very enarse sand with 2.inch gravel

From
)

47
58
M

4
T45
A

From
)

10
13

40
15
82
55
(3]
kA
kL]

L

Lot )

nn

Prom
[

Te

T

40
43
52
ns
L]
™
h(]

ms
100

ns

Te

15

30

bx]
58
5713
&
L]
kb

Lok
RS
m

. M«m 4

oy

47

B e

Y

reliel wells 13T and 138 Waler levels were messured
periodicslly with a airel tape in the pumped wel), st
hole 5, tezt hole 4, and rellel well 140,

The pumped wel) was 10 inches In diameter and was

G
\

R

drilled to & depth of B4 feet; 20 feet of 8-inch gintted
pipe wan 1 {ied &t the bl tiam. The well 18 an artificlal
pack well with & pack thicknesa of 4 inchea. Test holes
4 and 5 were 2 inches in diameter and 70 and 66.3 feet |1t
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Teble 0. Drillers Logs of Wath Used in Aquifer Test 2

Voot From pLd
"
Test Well {Pumped Well)
Sandy clay ] 14
Fine brown sand M 50
Coarne gray sand 5 ™
Fine-10-medium brown sand k] w

Medim gray ssnd o m
Fine Lrown smid " 1M
Obwervation Welt |
Hrown clay ] 14
Fine brinwn sand, clay streaks M 50
Medium gray rand, loose w ¥
Coarse gray sand, some gravel, loose KA 0y
Fine sand 0 pIEH
Light gray shale 100 13n
Limestone 1
Observation Wel) 2
Brown clay 0 14
Fine red sand, ciay streaks 4 &

Medium gray sand, little gravel, few
clay bally [ ] U
Fine sand S0 100
13
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Figure 13 Location of wells wrad ia aquifor tost J

depth, respectively. The lower 84 feel of casing In each
test hole was slatied. The loga of text holen are given in
table 10.

A distance-drawdown fleld data graph (fgure 14)
prepared with water-level data coliccted In the observa-
tion wells after a pumping period of 1335 minutrs was
superpnsed on the nonequitibrium type ctirve. The Theis
¢1915) equations were used to determine cocilivienis of
treasmiuibility and wiornge of the aquifer. The coctil-
cient of 1 Issibility was ¢ ted to b 131,000
&nd,/ft. The cucfliclnt of atorage (0.153) is In the water-
fable range.

The cone of depression created by pumpluog a well
near a river that Is hydrauwtically connected ta the aquifer
Is distorted. The hydraullc gradients hetween the river
und the paimped well will Ine xteepee than the hydeaudie
gradients on the land shic of the well. The flow towards
the well w greatest on the river side of the well, anid
under equilibrium conditinns moat of the pumped water
will be derivwid from the river.

When the well is pumpnd, water i3 inltislly withdrawn
from storage within the aquifer in the Immediaie vicin.
ity of the well. If pumping is continued long enough wa-
ter teveln In the vicinity of the river will he lowered and
water that under natural conditiona woulil have dis-

charged into the river as ground-water runoff or into the
at phere as evapot piration ls diverted loward the
pumprd well. Water levels are ultimately lowered be-
low all or part of the river bed In the Immediate vicinity
of the well, and the aquifer is then recharged hy the in-
fluent seepage of surface water. The cone of depreasion
witl continue 10 grow untll suificient aica of the river bed

Table 10. Drillers Logs of Test Holes Used in Aquifer Test 3

Formatinn boom Te
i
Test trile 3
Hiown clay [} N
Soft Llue clay U 46
P ] 446 5
1 iaise Rt He
~e ¥} 14
¥ 14 1
suind, uvee 114 10
Ited ciay 1av
Roek
Test hole 4
Brown clay [ ]
Fine sand, clay streaks 9 =
Medium sand, sume clay F-J 0
Fine tight sand 1] 52
Coarse sand and gravel, loces 52 ™
Hard gray clay ™ 0
Fine sand, clay streaks 8 w
Bedrock $0
Test hule 3
HRrown clay o 19
Fine sunit and cley 11 17
Fine sand %) 5
Conrne snnd sl gravel, lame L4 "3
Cray clay 83 Mo
Test hule 8 (Pumped Well)
Brown clay 4 10
tine sand and clay 10 13
Fine sand 1R 48
Coarse sund and gravel, boulders
dritled like 1rick lodpe st 57 leet 48 [ 1
Gray clny 80 1]
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ficuee 14 Duslancs drowdown dote for aquifer tart 3

is intercepied and the cone ls deep enocugh so that the
induced inflitration bal discharge.

The arca of tha river bed aver which recharge akes
place ls replaced by a line source. According to the
image well theory (Ferris, 1839), the effect of a line
wource on the drawduwn In an aquiler, os a resull of
pumping from a well near the line source, is the same
as though the aquifrr were inhinlie and » ke recharg-
Ing well were located scross the line source, and on
right angles theretu, and at the same distance from the
Nne source as the real pumping well. Based on the image
well theory and the nonequilibrium formuls, the drawn-
down distribution in an aquifer bounded by a line source
under equilibrium conditions ia given hy the following
cquation:

" |32RQ lug,, (r/r) 1/T @)
where:

" drawdown al observallon point, in f(

Q@ = discharge of pumped well, in gpm .

r, = distance from image well 10 ubservation palnt. §
1t

ry = distance from pumped well tu abservation point,
inn

T = coefficient of transmissiblilty, In gpd/ft

In terms of the dist b the d well

and the line source or recharge boundary, equation 1 was
expresaed by Rorsbaugh (1956) as

o = [528Q log,, (\/4ar | r," —4ar, con®/r,) /T (3)
where:
a == distance from pumped well to recharge boundary,
intt
® =2 angie between & lne cunnecting the pumped well
and the Image well and a line connecting the
pumped welt and the obacrvation point

For the particular case where the observation well Is
on a line paralle} 10 the recharge boundary, equation 2
may be written as follows:

s = |928Q log,, (v4a' 4 r,0/r,))/T (£))

Equations 1 through 3 assume that the cone of de-
preasion has stabilized, water is no lunger taken from
storage within the aquifer, and eq A
prevall. The pumpling period required to stablilze water
jeveis can be computed by using the f(ollowing equation
{see Foley, Wahion, and Drescher, 1953):

t, - 326a%/IT¢ hR,. (2a/7,)") 4)

where:
t, = time afier pumping starts befure equilibrium con-
ditlons prevail, in days
o == coefficlent of storage, fraction
¢ = devlatlon from absnlute equillibrium (arbitrarlly
assumed to be 003)
In many csses the stabllization of the cone of de-
preasion can be attributed elther to the effects of slow
gravity dralnage, effccts of lcakage through a confining

bed {Wallun, 1960a), or effects of induced inflitration U
the effects of pariial penetration sre exciuded. Walion
(1063) gave methods fuor praving whether of not water
levels sinbilize because of the effects of induced fnflltra-
tion,

According L0 Walton (1963) the cueflicient of trans-
missibility can often be determined from distance-
drawndown data fur vbscrvaiivn wells on a line parsliel
10 the recharge boundury. Provided the wells are not
toq distant from the pumped well and not 1w
clogs (0 the recharge boundary, Lhe effects of in-
duced infiitration un drawdowns In the wells is appfoxi-
mately cqual because the wells arv for practical purposcs
cquidistant from the imags well ansociated with the
recharge boundary. A plol of maximum drawdowns in
the obmervation wells veraus the logarithm of distanee
from the pumped well will yichl & stralght-line g
The sluje of the atraly
luwing equatlun (Coopee am
the cucfliclent of transmisslbllity:

T = 58Q/as 3

where:

T = coefficlent of tranamissibility, In gpd/ft

Q = discharge of pumped well, In gpm

As = drawdown differcnce per log cycie as determined

from distance-drawdown graph, In ft
If T ts known, the distance from the pumped well to

the recharge boundary, &, can be computed with maxi-
mum drawdowns in esch obstrvation well on a line
parsilsl to the stream and the following equation:

lof,, Via® t ri/r, = Te/328Q 8)
where:

& = drawdown, In It .

a = distance from pumped well to recharge boundary.
in It

r, = distance from pumped well to observation well, In
1t

Q@ = discharge of pumped well, In gpm

T = coeflicient of transmissibility, in gpd/ft

The maximum drawdowns !n the obeervation wells
are much less because of the effectas of recharge than
they would be if the aquifer were Infinite; thus, the co-
efMcient of storage cannotl be determined from the dia-
tance-drawdown graph.

The nonequilibrium formula (Theis, 1935) and com-
puted valucs of T and a can be used to determine
the coefliclent of atorage. Severa! values of the co-
efficient of storage are sssumed, and maximum draw-
downa In each observation well are computed taking
into constderation the effects of the Image well anso-
ciated with the recharge boundary and the pumped well.
The computed drawdowns In each obeervation well are
then compared with actual drawdowns, and the coeffi-
clent of storuge that provided computed drawdowns

17
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Three aquifer tests under induced Inflitration cvndi-
tions were made during the pericd 1932 10 1056, The
results of the 1ests are summarized in tahble 7.

An aquifer test (test 4) was made March 3-6, 1932,
un property owned by the Shell Ol Company alung the
Mississippl River in sec. 33, TIN, ROW. The tent was
condducted for the Sheil Ot Company by Ranney Method
Water Supplies, Inc. Seven wells, grouped as shown In
figure 15, were used. Four wells were approximately

: \_
—

e i o
': .

SU .
Fgurs 15, Locoton of wolls weod la squifer tost &

parallel to and about 300 feet east of the Missisalppl
River. Pumping was staried at 9:25 a.m. and was con-
tinued at a conatant rate of 510 ypm for three days.
Pumping was stopped at 9:23 s m. March 6. and waler
levels were allowed o recover.

Observation wells AS-1, AS-2, and AS-3 were re-
ported 10 be 7 inches In diameter and averaged 60 feet
in depth; wells AS-4, W-1, and W.2 were 7 inches in
dlameler and were drilled to depths of 119, 112, and 5%
feet respectively. The pumped well was 12 inches In
dlameter and 100 feet deep. Data on lengths of screens
were not available. Recording gages were installod un the
six observation wells and the Mississippl River. Logs of
wells used In the test are given In table 11.

Values of drawdown in wells AS-1, AS-2, and AS-3
al a time 1800 minyles after pumping started weee
plutird un semilogarithmic paper againai valuen of dia.
tance from the pumjnd well as shown tn Ngure 16. A
stralght line was drawn thruugh the points. The slupe of
the siralght line per log cycle and the pumping rate were
substlluted into equation 5 and the coefllclent of irans-.
wmissibility was compuled to be 210,000 gpd/ft.

The di from the p d well 10 the recharge
boundary was determined by substituting the computed
value of T, the d rate of pumping, and values of
drawdowns in the observation wetls into equation 6 and
solving for the distance a. The average distance a was
found to be about 700 feet.

The caeflicient of storsge was determinsl to be
0002 by using the computed values of T, 8. the draw-

duwns in observation wells, and ihe nonequilibrium
formula. Fine-grained alluvial depusits (see Lable 11)
occur in the portion of the aquifer unwatered hy pump.
ing.

An aquifer test (test 5) was made May 29 through
June 1, 1836, by Ranncy Method Waler Supplies, Inc.,
for the Olin-Mathlaon Chemical Corpuration, E. Q.
Jones, Water Survey feld engineer, assisted In making
the test. The test site was just southeust of the con-
Nuence of Wood River and the Misslssipp! River in sec.
19, TSN, ROW, Eight wells, grouped as shown In figure
17 were used. The wella were arranged in & “T" pattern
with four wells parallel to and 350 feet north of the
Mi pp! River. Pumping was startied at 1:30 p.m. on
May 29 and stopped al 1:30 p.m, on June 1. The pump-
Ing rate during the test was held constant at a rate of
760 gpm.

Table t1. Drillers Logt of Walls Used in Aquifer Tast 4

Fasmation Prom v
in}
Well A8.1
Beown silty sand [] 19
Blue clay 19 33
Flne gray sand 3 a
Coaree sand and sand
andt small gravel 41 L]
Well A8-2
Brown silty clay 0 19
Biue clay 19 2
Fine gray sand 32 42
Coarse grave! and small
and medium gravel 42 62
Wsell AS-3
Bruwn ity clay 1] 19
Blue clay 19 M
Fine gray sand M 42
Coarse gravel nid pmall
and medium xravel 2 80
Well AS4
Brown clay L] 3
Dirty fine gray sand 3 kY4
Fine gray sand 3 51
Coarse asnd and gravel 51 Ti
Fine red ssnd n 7]
Medium sand aid gravel 92 1
Medium sand and gravel 12 19
Well W1
RArown clay o 4
Soft blue clay 4 2
Fine suixl 28 n
Sand nrdd gravel a7 116
Hard blue clay 18 RRLJ
Redrock
Well W-2
Clay [} 3
Gray silt 3 m
Fine gray sand »n 40
Coarme sand and gravel 40 a3
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The pumped well was 12 Inchen in diameter and 88
feat desp; the lower 10 feet of the well was screened.
Obaervation wella AS-1, AS-2, AN-1, AW-1, AW.2, and
AE-1 were 8 Inchea in diameter and aversged about 90
foet in depth. Well AE.3 war 6 incher in diameter and
124 feet in depth. Driliers logs of wells are given in table
12. Recording gages were inatalied on the observation
wells and the Missisaippi River, Values of drmwdown in
wells AS-1, AW-1, AE.l, AS.2, AS-3, and AW.2 a1 »
time 1830 minutes afier pumping started were plotied
on semilogarithmic paper againat values of distances
from the pumped well ax shown In figure 1R A siraight
line was drawn through the points. The slope of the

line parallel to the river are approximately the same
suggesiing that the effecia of Induced Inflitration on
drawdowns were negligible, The coeflicient of atorage, B,
was computed fmm the following equation (Cooper and
Jacob, 1946):

8 = Tt/4790r,' m
where:
8 = coefficient of stornge, fraction
£ = tima after pumping started, in min
T = coefliclent of transmiasibtticy. tn gpd/ft
r, = Intercept of siraight line with zero drawdown
axis, in ft

The coefficlent of storage (0.135) in in the water-table
range.

The distance a was found to he 100 feet from the
river's edge, an determined from water.level data col-
lected during a production test February 13-19, 1938,
using the collector well conatructed at the slte of aquifer
test 3, hydraulic properties of the aquifer determined
from the aquifer test May 29 - June 1, 1956, and equation
6. Pumping from the well wan started at 8 a.m.
on February 13 and continised at a conatant rate of 7000
gpm until 3:15 pm. February 17 when the pumping rte
was increaned to 8400 gpm. The pumping teat continued
At » rate of 8400 gpm untll B:13 p.m. February 19 when
mumplng was atopped and water levels wers allowed o
recover, Recording gagen were {natafled on ohmervallon
wells AS-3, AE-1, and AN.1. Fraquent water-level meas-
uremants were made with a atesl tape in well AS:2. In
addition, recording gages were Inatalled on the Misais-
sipp! River, on the collector well, and on an ohservatfon
well immediately outaide the collector well.

An aquifer test (tent 8) wns made August 4-8, 1932,
by Ranney Method Water Supplies, Inc., for the Mon.
aantn Chemical Corparntion. The teat nite le lacated raet
of Monaantn, atong the Misstaaippl Rhaer tnoae 07,
T2N. RIOW. 8cven wrlla, grauped an shown in Aguee 10
were used. The welln were arvanged In a “T" patiern with
four wella parailel to and 515 feet eant of the Minaisaippi
River and thrre wells perpendicular to the river, Pump-
ing was started at 8 p.m. Auguat 4 and war continue! at
a constant rate of 1100 gpm untll 6 p.m Aumust & when
pumping wan stopped and water lavels were Allowed to
recover,

Observation wells 81, W-1, N-1, 8.2. W.2, and W3
were 7 inches In dlameter and wers drilled to depthe of
about 100 feet. The pumped well was 12 Inchen in diame-
ter and war drilled 10 a depth of 99 feet: 10 fret of acreen
was inatalied st the botinm  Awvallable logs of wells are
given in table 13. Racording gages were inatalled on the

19
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Table 12. Driflors Logs of Wely Used in Aquiler Tout §

Well AF-12 1Pumped Welld

n i
Fine hrown sand, sitty, scatlered gravel 1% 2R
Medium tn pen gravel, fine sand with
scattered clay hally, grey -] 4n
Fine sand, seattered gras el 40 (]
Very fAne sand an ™
Atedinm 1o soarae gravel, Ane sand
with acattersd clay balla m L1]
Meatuim 10 pra gravel. medivm aand Al L)
Mithum to pea gravel, cuarse sand RS KR
Gray elay Lo 1Tata)
depth)
Wetl AS-1
Fine hrown pand aiity [J n
Fine sand. sentiered gravel clay halls n n
Nedium 1o jwa grasel, fine sand, clay an a7
Very fine gray aand kel 73
Mrdium to pea gravel, medium to
onarw sang ” M
Ciay halls ]
Welt AS-2
Fine brown sand. slity o x
Fine hrown sand, clay balls m h ]
Very fine gray sand n b1
Medium to coarse gruvel. fine sand Ly ™
Medinm ta pea eravel, fine sand ™ M
Cinv halla m
Well AS.3
Very Ane brown rand, slity [} n
Maium 10 nes gravel, fne asnd 2 M
Fine gray mand M 0
AMedium 1o pea gravel, fine sand 70 ™
Medinm (o jwea gravel, medium sand ™ an
Grav eiay o o6

nbeervation wells; Mississippl River stages were avai-
ahle from the river gage at St, Louls.

A time-drawdown fleld data graph (fAgure 20) fnr
well 8-2 was superposed on the nonequltibrium type
rurve The Thein (1935) equations were used 10 deter-
mine corfMicienta of | Issitblity and miorage of 1he
anuifer for data on the third segment of the time-draw-
dawn curve. The corfMiclent of tranamissibllity waa com-
puted to he 210.000 gpd/fi. The coefMiclent ot stornge
(0 0RY) In In the water.tahle range. Drawdnwns deviated
from the lyprcurve trace during the istter part af the
test brecause of the effects of induced infltratiun. The
Alsiance to the image well arsocisted with the recharge
hrundary was computed to he 1790 fret from the ful-
lowing equation (see Tngeranll, Zohel, and Ingersal),
104R) :

[ RV VN Ry
whare:

r, = disiance from image well to obaervation well, in I

by ]

[T T From Te
i}
Medium sand, scailered gravel, rlay batls 08 10
Medlum sand, seallered pen gravel Mo 124
Sandstine rock 124
Well AN-1

Fine sand, hrown, silty 1] a
Fine gray sand P~} n
Medium sand, scatlered gravel n ™
AMedium aand, scattersd gravel, clay halls 58 an
Medium aainl, scattered gravel . 58 °
pen gravel, conese sand 12 RO

82

Ry

Mediiim 10 Ane skt acntlcred
gravel, etay balls RY RO

Well AW.1
Fine briwn sand. riity e
Medium mand, clay baiis 20
Fine gray sand, scatiered gravel ki
Very fine gray rand ar k)
Medhum (o pea gravel, medium sand T8
Gray elay L]

Well AW-2
Fine hrown sand, siity
Very fine gray sand .
Very Ane gray sand, scattered gravel
Very fine gray aand
Medium ta fne zand, acatiered grave)
Clay balls

LR 53

Well AE-1
Fine brown aand, allly
Vine gray sand, clay halla
Very fine nand
Medlum \n pea gravel, fine wand
Medlum to conrse gravel. medium <and
Clay halle

BRIAZES

= dixtance from pumped well 10 ohservation weli. in
ft

t, = tima after pumping staried, before the boundary
hocame effective, for & particular drawdown tn he
observed, In min

t, = time nfier ping staried, after the boundary

berame o, », when the divergones of the

time-drawdawn curve from the type-curve (race

under the influence of the Imnge well is equal to

the particular value of drawdown at ¢,. In min

10

Specific-Capacity Data

The yleld of a well may be expressad in terms of its
specific capacity, which is defined aa the yleld In ga).
lons per minute per fnot of drawdown (gpm/ft) for a
stated pumping period and rate. Walton (1042) gave
an equation for computing the theoretica) specific cs-
pacity of a well dincharging at a consiant rute in a
homogeneous, isotruplc, ariesian aquifer Infinile in Areq)
extent.

oRAMDOwN, W FEET

° LRSI ARAL T 1
t
4-*bb.- Q¢ 7460 gom
1o M0 mm
_ﬁ. v e -b0n b
72 93,800 gpas9
v.m..ﬂaﬁ.
I 041060 geersah AL, 7
33 ....
$:0.38
« o
-I-—- d—l
1 ).
AR o el -
11 "0.M daps ¢ 440 min
)
r
«

DATANCE PROW PuMSED wELL. W FLEY
Pgwe t8. Dirtence-drowdows dats lor squiler bout §

M _ %

/~ o
, A )
i =mwms i

et T B
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Table 13.  Deiflers Logs of Weth Ured in Aquifer Tont &

Formation Prom Te
o (]
Well 8-1

Gray sandy clay 0 0
Gray fine sandy clay 3 40
Conrse gray sand, small gravel <0 44
Gray fine sand, scattered fine gravel,

brown fine sand 4 68
Brown coarse ssnd, Ane gravel oA k]
Coarse sand and gravel " an
Conrse sand, fing tq medium grave) a0 100
Redrock About 120

Well 8-2

Gray sandy clay 0 ]
Gray fine sandy clay 30 40
Coarse gray sand, small gravel 40 45
Gray fine sand, acattered fine gravel,

brown fing sand 45 -
Rrown coarse sand, fine gravel 68 ™
Prown coarse sand, fine gravel, some

gray clay k- k: ]
Coarse sand, small to large Rravel 76 90
Brown eoarse sand, ine 1o madium gravel 0 100

. ....._._ .._...._
et AL

[ L ey “

P R

g BToRe Syt ng $980TE & weutHl

Figure 20. Time.drawdowa deta for well $.7, aquiler tost &

The specific capucity in Influenced by the hydraullc
properties of the aquifer, the radius of the well, r,, and
the pumping period, t. The relatlonship between the
theoretical specific capacity of a well and the coem.
clent of transmissibility is shown In figure 21. A pump-
ing perfod of 24 hours, a radius of 12 inchen, and a
storage coeffickent of 0.1 were used in constructing the
graph.

There fa generslly a hesd loss oc drawdown (well
loss) in & production well due to the turbulent flow of
water as it eniers the well ftsell and flown upward
through the bore hole. Well lors and the well-lons co-
efficient may be computed by equations given by Jacod
(1948). The computatfons for the well-loas coefMclent,
C, require data collected during A atep-drawdown teat
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in which the well is opersted during theee rucrenalve

ol

eMcienta of tr Ity of the fer within the

’ s
y kt. 3&»&:#‘2%&:&?.

a0

and sual time prriods &t constant fraciions nf full ea. cones of depression of production wells. Theoretical
jaclty. corflicients of permesbility withln the canes of depres- 1,
Step-drawdnwn test data are availshle for nine welin fjon were eatimated by dividing the coefMiclent of trans. - Ow _.r\.' s
nor )
in the Eant St. Lois arca. The renulta of the aiep-draw- missibliity by the average saturated thickness of the — Owner oy .
down tenin and constructinn teatures af 1the wella tested NoW.
e o e Aquifer within cones of deprension The average saiu- n (eme inek - ~ » ™ 0 a1 12 ™ n 1,00 " 1
€ . Well-lors conmtants for welln  rated thicknens of the aquifer within cones of depresston Now Gitem Co.
....A._aM .:..!n_-..._w sfter constructinn range frm 02 was estimated from logs of wells and water-leve! data, - q._!.. .J.(‘.;Hl nm “ L %0 - a2 2.0 “ e
t . P .
" § Jﬂ:\ - ot No great accuracy Ia Implied for the coefficients of EELY Oa x-.nr“- 1759 10 % i "wr “ane 41,000 ] 1008
pecific-capacity data collected during well-prnduc-  permesbilities estimated from specific-capacity data be- ™ ig-iiribirt n 1A " » 1A 1w smmg o ww
tion teats made on 32 industrial. municipsl. and Irrigs- cause they are based on san estimated coefficient of ator- - 219 Brikeka |V) 34 3/42 (2] “s hE 4 ¥ non X} YL
tion wells are given In tahle 15. The wril-aroduction tewts age and are not cortected for well-loas and partia! pene- uﬂy ”Hﬂ _.«.. - "n" "ﬂ n. ..._“.“ 7 n y ““ "..:.“
cansintedd of pumping a well at & consiant rete andd fee- tration lnoasen, Howcever, as shown in tahle 14, well-loag Al L] 4743 " [13] 1w " X} w "nm
nuently messuring the drawdown In the pumped well, constanta for most newly conatructed weils are amali, ””“ u.. ““ﬂ a_n “w< ....“ ... _w“p ..). _h..._
Drawilowns were commonly measured with an airline,  Moal weils prnetrate completely the more permeahle paris Fodod woNes " s e vy H ol
rlectric dropline, or steel tape. rates n{ pumping were of the aquifer. Thus, well and partial penetration losxes m“” T ] v Ha - W " - L am n 1]
largely measured by means of a circular orifler at the snd  were probably small nnd not 8l St Co. w 12 » s w 0w 17 " wl “on w )
o y nat slgaificant. The data in MAD
nf the pump discharge pipe. fables 13 and 16 can he considered only rough approxi- .ﬂ!._ Ldwsrinitie 1V N Y G0 [t - - 1"
. Y ) .

The lengths of tests ranged from 11 minuies 0 2 matfona of the coctficient of permenbility of the aquifer. nn J. el Yo u © u“n .n u o e m nomo ” ™o
days; pumping rates ranged from 104 to 1905 gpm.  However, the coeflicionta of permeability In the Mon. we Glea Carbon (VI €1 0 - Iy ™ » o ’ e 19,000 " i
Screen dlameters ranged from 8 1n 32 Inches Aanto area estimated from apecificcapacity data agtee E RN Tewy (V) s w0 » £7: 1} Y » w (%) " 120,000 - e

Specific-capacity data for 63 selected rrliel welln are  clonely with the coefliclents of permeabllity computed 2 Trey iV) " 7! 160 w n w . " 110, m © um

i n»n V. W. Lehaman o4 0 “ wn © 2] -t ‘e nr 1.0 " min

given In table 16. The wells were teated during the pe- from aquifer tests at the Mobll Ol Refinery and the Mon. PR Caliiapilis (C} ™ a x e e ns ne we “ oi,e [ oo
rind 1952 through 1960 by the US Corpa of Enginesrs.  santo Chemical Corporation, Indicating that the esti- .23 alliomills {C) - " » a/% » »> 2 e 16,00 n 1
‘The saturated thickness of the aquifer at weil sites wan  mated coefMclents of permeabllity are meaningful !u._._ﬂ. o * r = o i ™ - " " e - -
entimated from loge of wells and water-leve) data, The Wi § Y Verhort Markoll " » “ (7] » ne Cd st ] 1000 » 0
tents tated of ! . ater-level and pumpege data for existing pumping % Harkert Biarha “w » © 3/ » n3 "» X T 140,09 ] 1.
rxts conninted of pumping the wells at & constant rate of centers were used to compute pumpling center specific [ W, Noolebder " 0 » 1. i n nA (13 LYY ™o » (13
.u.:: av!_ :-” 2 houra -.&_"z.:.:._u menruring the draw- enpacitiez given In table 17. Pumping center specific oa. -._u....n Udetl Biarhlt 3 » “w S/ [ »6 ne FE o » L)

lown

n the pumped well. pacity Is here defined as the total pumpage from wells e Amsn Bonhom o » “ws » = . e n L.} ) 198

A coefficlent of atorage In the water-tahle range  within the pumping center per foot of average draw. s F. A Weiemrt " ”n - ru . o ~ " » nm - o
(0 10) estimated trom aquifec-tent data and  anvepa) finwn within the pumping center, " Mot Public
valum of 1 and 7 wrre terd (e Wallon 1962) in do- iow Woeme Inat - [} 11} 7 " (] e " us 0,900 " EL

10W.
termine the relationship between specific capacity and ! 134 z.q.lrh._...u.l- us " - s " ” 1 s [L11Y 20,008 n 76
the cnefficient of trnnsminathility for varlous valien of Summary of Aquifer-Test Data Rod Notiomat Jock ' » 1% N e .
r. '/t (igure 22). Specific rapactties, data enerrning 176g -c-l-.}..nﬂ_l Ce. :.-- ._n “ _-\\u.. .ﬂ " P u 11" w"..nu N“ ““
the lengths of teata and radlt of wells in tablen 1% and A map showing how the coeflicient of permeshility
18, and figure 23 were used to estimate thenrntleal co. varies within the Fast S
. St Louls
ares (figure 23) was Table 16. Specific.Capacity Data for Selected Relief Wolls
Table 14, Rewhs of Step-Drawdown Tests =
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3.1 2 234,000

138 40 338,000

88 13 $86,000

Natiwonal CHy 108 20 340,000
Monsanto w3 30 410,000

prepared from data in tables 14, 15, and 18, The coefM-
clent of permeablility Is high in narrow strips extending
trom Monsanto north through Natlonal City and extend-
Ing through Granite City northeasterly along the Chain
of Rocka Canal. The cocfliclent of permeability Is great-
est locally In the Monsanio exceeding 3000 gpd/nq
ft. The coeflcient of permenbilily is estimated to he
greater than 2000 gpd/ag ft aouth of Alton (along the
Mississipp! River) in the Wond River area, In a wide
area extending from Monsanto northeast to just south
of Horseshoe Lake, and in the Dupo area. The coefficient

temanaren

{uw:
. wem
e
wat @ mi
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sae” T T

Figure 14. Sotursied thichness of oquifer, Novomber 194}

ul permeability is less than 1000 gpd/eq ft In an area «
tending south from near the confluence of the Misao:
and Misslaaipp! Rivern to north of Horseshoe Take. 7
coefficient of permeahility decreases rapidly near !
bluffs and west of the Chaln of Rocks Canal.

A map showing the saturated thickness of the aqui
(figure 24) was prepard from the bmlrack surface m
(Agure 8), water-level data for Novemner 1961, and
map showing the elevation of the base of the alluvin
The saturated thickness of the aquifer Is greatest a
exceeds 100 feet In the bedrock valley bisecting the F:
St. Louis area. It in leant along the bluffx and west
Chain of Rocks Canal.

A map showing how the coefMicient of \ransmisalhlb
varies within the Eant St. Louls area (igure 25 w
prepared from figurem 23 and 24. The cosMcient
tranamisalbility ranges from lesa than 30000 gpd.
near the bIuff and the southern part of the Chaln
Rocks Canal to greater than 300,000 gpd/ft near Mo
santo.
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CONSTRUCTION FEATURES AND YIELDS OF WELLS

large capacity weils in the East St. Louis area are
drilled by the cable tool method, the reverse hydraulic
rotary methad, or by clam sheil type diggers. Collivior
wells have bren consirucied in the East St. Louls area
by severa! industries. Moat domestic and sume irrigation
wells are driven; a few dug wells are stitl used for do-
mestic supplies,

Industrist, municipal, and trrigation wells are usually
drilled to bedrock or bit refusal. Several wells just south
of Alton terminate at the top of clayey and sllty ma-
terial Immediately ahove bedrock. According to Berg-
strom and Walker (1956) the maximum thicknexs of the
clayey and slity matrtial ig 25 feet. Pruduciion wells are
usually cased through the finer atluviat depositan In the
upper part of the valicy Al snd have perfurated pipe
sections or tcial screens opp the lower roaraer
2lluvium or valiey-train deposits. There are two types
of drilled welly In the area: natural pack and artificis!
pack. Matertals surrounding the well are developd in
place In the case of the natursl pack well; materials hav-
ing & coarser and more uniform grain size than the nat-
ural formation are added around the well in the cnee of
the artificial pack wrll. As shown in table 18, the thick-
ness of the pack In wells In the aren generally rangen
from € to 11 inches.

Table 18. Construction Festures of Selected Weth
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Several types of well screens have been used in the
East St. Louis area. Porous concrete, wood, slotted pipe,
and commercial screens are in use. Economic cunsidera-
tiona rather (han proper well deaign criteria have gov.
arned the types of screens in use. Screen diameters gen-
enally vary in diameter from @ to 30 inches, and screens
vary in length from 3 to 76 fest. Scrovn slot openings
vary depenling upun the characteristics ot the forma-
tions encountered or the characteristics of the artificlal
pack.

Ten collector wells have been constructed in the East
St Louis area, and six are stlll in use. Four cullector
wells at the Granite City Sieel Company were not In cun-
tinuous uperation in 1962, but were lested perivdically
and operated occasivnally during the summer months,
The collector well consiats of a large diameter, reinforced
concrete calason frum which horizonial screen laterals
project radlally near the botlors. The standard calsson
is 13 feet in dlameter. The horizontal screen laterals are
fabricated from heavy steel plate, perforated with longi-
tudinal slots, snd may be 8 10 24 Inches in diameter and
100 (0 430 feet in length, depending upon geologic condi-
\lons and design of the unit (Mikels and Klaer, 1938).

‘Thorpe concrete wells are in whic use by municipall-
thes, indusiries, and Irrigation well owners. Thorpe con-
crete wells conalst of a concrete casing and porous con-
crete screen elther 268 or 30 inches In inside diameter
with walls 3 Inches thick. Lengths of screen vary from
24 to 76 fcetl. Thorpe cuncreie wells have been in opera-
tlont far as long as 35 years. lowever, in some cases
Thorpe concrete wells have been atundoned bocause of
reduction in yleld sfter a lew months operation.

Driven wella are usually not greater than 50 feet in
depth depending upon the thickness of the alluvium over-
lying the cuarser sand and gravel deposils, The driven
wells consist of lengths of 123- or 2-inch dlameter pipe
with a drive (or sand) point at the lower end of the
plpe.

About 500 relle! wells wers drilled In the East St.
Louis area hy the 1.8, Corps of Iingineers near and on
the land alde of levees the Misninaippl River 10
control undersecpage bDeneath levees during
eral artificial pack retiet wells were alao drilied slong
the Cahokla Diversivn Channel. Rellel wells in the arcs
range in depth from 47 to 103 feet. Casings and screens
ave 8 inches in diameter and Lhe pack thickness is about
7 inches. The acroens are cunstrucied from redwood or
treated Douglas Fir and range In length from 19 to 71
feet. The screens are spiral wound with No. 8 gage gal-
vanized wire and have 18 slots, 3/18 by 3 1/4 inches per
spiral.

Slolted pipe screens are widely used In irrigstion
wells In the East St. Louia ares hecause of their low coal.
In comparison, only a few indusirial and municipat

L]
wells contain slotted pips screens. [rrigstion wells range
fn diameter from 8 to 18 inches and usually have pack
thicknesses of 6 10 8 Inches. Lengiha of siotted plpe
screens range from 10 to 40 feet.

Service Life of Wells and Collegter Wehy

One of the prodleme in the East 8t Louls ares asso-
clated with the devel of g d
is the short life expectancy of wells, According 1o a
rtudy by Bruin and Smith (1833), the median service
Hfe of municipal wells terminating in sand and gravel
formations In the East St. Louis ares is about half that
for similar municipal wells tn other parts of the state,
Nearly all of the wells retired in the area were taken
out of mervice elther because the acreens had become par.
tiafly clogged or the wells had fAliled with sand,

The results of h 1 snalyses pr d4 by
Bergstrom and Walker (1958) are shown (n figures 26
through 28. According to DRergatrom and Walker the
analyres must be accepted with caution hecause the con-
ditlons of collecting most of the samplen are not known,
and because of the highly variable nature of the valley-
AU deposits In the area. A careful examination of the

mechanical anslysis curves suggesta that the valley-fill
deposits contain & rather high percentage of fine ma-
terlals which could, under heavy pumping conditions,
migrate toward a scveen and partiaily clog the well wall
and ecreem openings. As indicated by data in the ftles of
industries and municipalities, specific crpacities of exist-
Ing production wells decresse markedly after a few years
and in some cases after a few montha of operation.
Specific capacities are generally determined by the driller
after completion of the well by pumping the well at
different rates for short periodas of time, generally less
than 24 hours, and by frequently measuring drawdowns
in the pumped well. This methad of measuring apecif

capacily s continued by Industrint and municipal per.
sonnel periodicaily.
It s a geners| practice of Industries and

ties to place a well In operation and pump it at high rates,
often sbout 1000 gpm. As the reault of heavy pumping,
fine materials migrate towardn the well and partially
clag acreen openings and the voids nf the fnrmation sur-
rounding the well. The well-losa constant increases rapld.
ly and, because well losa varies an the square of the dis-
charge rate, dmawdown Increases rapidly. The relation
between well-loss constent and drawdown due to well
loss is shown In figure 29. As drawdown Increanes the ape-
clfic capacity and, therefore, the yleld of the well de-
creases. Typicsl decreanes in apecific capacity due to
increases in the well.loss constant are given In table 19.

Th ) specific capacities of wells with & nominal
radius of 13 inches and with 40 feet of ncreen given in
tahle 19 were determined for vatues of the corfficient of
transmismibility ranging from 100.000 to 300,000 gpd/ft,
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8 coeflicient of storage of 0.10, 8 pumping period of 13
hours, pursping rates of 900 or 450 gpm, well-loss con-
stants of 1, 5, and 10 sec’/{t*, The effecta of dewatering
and partial penetration (sce Waiton, 1862) wern taken
info deration In p lons.

Computed well-loxa coefficlents for wells tested Im-
mediately after conatruction (iahle 14) range from 0.2
sect/1t* to 1.0 aec?/ft* and meet requirements suggested
by Walton (1962) that the value of C of & properly de-
veloped and dealgned well should be less than § sec'/Mt*,
According to Walton (1962), values of O between § and
10 sec’/1t* Indicate mild deterloration, snd clogging Is
severe when C {5 greater than 10 nec’/fte, It in difMcult
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Pigure 29.  Relation betwosn mell-loss consiont and
drowduwws dus te well tons

and sometimes impossible to restore the original ca-
pacity If the wellioss constant is greater than 40 sec?/
e

Periodic well treatment by scidixing or other meth-
ods has been used successfully to rehabilitate old wells.
However, In many cases wells are abandoned as thelr
ylelds decrease and new wells are drilled nearby.

Based on data for production wells which have been
in rervice a number of years, the avrrage specific capacity
of wella in the Esxt St. Louls area is about 30 gpm/ft.
An average well ylold of 450 gpm can be ohtained with
& long service life i mufficlent acreen In provided.

A graph showing the decrcese of specific capacity of
a collector well owned by the Shell Oll Refinery near the

. Table 19. Theoretical Decresses in Specific Capesity
Dus to (ncresses in Wel-Loss Constant

Wel-low Woll.tat Woll-tems
snaflicient carflient ssufiiciont
RS Ly LR Ny i)

.ah_s... -11 ..ur .!_r .l..r
vl B X (G o S S el o
aecL (rml T pmg W ey TR ghsgm

300,000 900 93 989 a3 e 4323 189
230000 00 103 8.4 23 342 483 18.4
200,000 900 119 X ne 322 4719 188
150,000 900 144 62.3 M4 p X 50.4 178
100,000 00 187 a7 37 »n2 58.7 181

300000 4% 3T 1222 11 S84 127 A4
20000 450 42 1107 R2 349 133 M
200,000 430 49 ne Ry 308 138 324
150,000 430 81 138 101 “s 158.1 88
10000 4% K¢ 536 124 M2 174 29

Thraverid

eity of Wood River la given in figura M. The apecific ea-
pacity of the collector weil declinad from a prak of 770
£pm/ft in August 1954 10 about 50 gpm/ft In March 1963
A part of the decline in specific capacity can be attributed
to the partial clogging of the laterala hy Incrustation
and with sand end slt. Mechanical cleaning of one
iaters! in June 1982 Increased the specific capacity from
about 30 gpm/ft to 53 gpm/te.
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Woll Dasiga Critera

Walton (1962) gave criterla for well design In un-
consolidated formations in Ninoin. Screen design eriteria
are applicable to Induntrial, municipal, and irrigaiion
wells. The objective In 10 dealgn an eMcient and economi-
cal well with a acrvice lite of at leart 10 years.

According to Ahrena (1057) artificial pack wells are
usually justified when the aquifer I8 homogeneous, has A
uniformity coefficient lexs than 3.0, and/or has an effec-
tive grain size lesa than 0.01 Inch. The uniformity co-
efficient, C.. is the ratin of the sieve alza thay witl retain
40 peroent of the aQuifer materialn to the effective aize.
“The sieve size that retains PO percent of the anuifer ma-
terisls 1 the effective size. In addition, an artificial pack
Is sometimes needed to stabilize well-graded Aquiferw
having a large percentage of finra In order tn avald ex-
ceanive settiement of materinla above the screen or to
permit the use of 1arger screen alota. The unifarmity co-
efficlenta bansd on mechanical analyses af samflea in

figuren 26 through 2R are lrna than 3 and/or the effec.
tive grain sfze ia less than 0.0f (nch, Indicating that an
artificial pack well should be constructed at each aite.

Selection of the antificial pack Is hased on the mechan.
il analysis of the aquifer. A criterinn that har heen
succennfully used fn Minols la that the ratio of the 30
percent nizes of the pack and the aquifer (the P.A -
o) ba 3 (Smith, 1934). Amificial packa should range
tn thickness from 8 10 9 inches (Walton. 1962).

29




To avoid segregation or bridging during (lacement,
a uniform grain sire pack should be used The screen
slnt opening should be dexignrd so that at feast M0 pes.
renl of the alze fractma of the artiticial park are re.
tatned.

A well sometimes encounters severs! layers of sand
and gravel having different grain sizes and gradatione
It the 50 prreent sire of the materialx in the conraent
aquifer are iras than 4 times the 30 ereent size af 1w
maierials in the finest aquifer, the alot size and pack, if
needed, should be nelected nn the basis of thr mechani-
cal asnalyais of the finest material (Ahrens, 1957),
Otherwise, the siot size and pack should be tatlored 1n
individual layers.

One of the mosf Imporiant factors ln the destiin of
naturn! pack well screvrns (s the width or diameter of
he screen openings, neferred 10 as alot glze. With a uni-
tormity carflictent greater than 8 (a helerogrnensua sqil-
fer) snd in the case where the materiaia nverlying the
aquifer are falrly firm snd wil not easily eave, th
size that retains 30 percent af the aquifer materl
gererally selecied as the alot slze. With & unifeimhy
corfficlent grester than € and in the case where the
materials cave, the sieve alze that retains 50 prrcent of
tha equifer materials is wrircted as the s aize (\Valion,
1942). With a uniformaity corfficient as low an ) (a
hamngeneous aquiler! and in the case where the ma-
terials overlying the aquifer are falrly firm and will
not easily cave, the aieve size that retainn 40 prerrent of
the aquifer materials fa aclrcted an the sint nbze. With a
untformity coefficlent as inw ax 3 and in the case where
the materials overlying the aquifer are wnft and will
~anlly cave, the sieve aize that retaing 60 percont nf the
anuifer materiala in aelected ax the slat size,

The screen length is baaed in part on the sffactive
open area of a screvn and an aptimum sereen entrance
velocily. According ta Waltan (1962), tn insure a long
aervice iife by avoiding migration ot fine materinin to-
ward the acrren and clogging of 1he well wall and screen
apeningx, screen length is hased on wvelocities hotwwern 2
and 12 feet per minute (fpm).

The length of aceren for a natursl pack well (s wrlect-

Table 20. Oplimum Screen Entrance Velecitios®

Corlawns o Optinsas wriooa
™ oniraare welmume
tapd g fo1 (lrm)
DN 12

L] 1)
Muee n
uan 9
R T1Y L]
ba'l'1) 7
200n L)
10 3
1000 4
500 3
< 0 2

Prom Waolirs (192}

The rexults of studire Involving the mechanical anal-
yaen of aamples of the aquifer cnllected at two aftes dem-
andtrate some of the principies tnvalved in the design of
nand and gravel welln. Suppose that It Ia Asnired to dexign
A 18-Inch dinmeter well baaed on the mechanical annl-
yois of mamples for well MAD SNOW.26 Kg (acve fgure
26). Since the ratio of the 50 percent grain alze of the
coarmer material from 78.6 ta 911 feet to the 30 percent
aratn size of the finer matertal from 53.1 to 10R.1 feet I
lern than 4, the screen ar pack must he designed on the
bazie of results of snalysls of the Rnee materials. The
untinrmity encficlent of the finer materiads Iz lens than
3 and the effective graim atze in dena than 0.01 inchen,
Indicating that an artificial pack well should be uned.
The 30 pereent aize of the mareriain of the finest sample
fa 0011 inch; thus, with & pack-aquifer mtio of 5, a
very conree sand pack with particies ranging in diameter
from ahout 0.04 1o 0.08 inch in indicated. To retatn 90
prroent nf the stze fractions of the pack & nlot size of
0 040 inch would he sequired. An artificial pack thicknean
of 8 Inchen I adequate.

For demonstratinn of the design of a natural pack
well, consider the grain-size diatritution curves In Agure
31. The mechanicrl analyaes sre lor samples taken from

1...-1.la1..1atli.....1
Vit wesnt W s v v g yeig oy s

3

ot from the coe(iclent of premeability of the aquifer da-
termined from aquifer teats by using table 20 and the
follrming squation (Walton, 1962)

L, = Q/AV.(T4R) 9)
where:

1., rrquined length of screen. In Y

Q - dischargr. in gpm

A, = eflective open aren per (a0t of setven o aq it

V', — aptimam entrance velacity, In thm
On the average ahout one-hait the open arma of 1he
screen will be hiached by aquiter materials Thus, the
effective open area averages shout 30 pereent of the
actual open aren of the screen,
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a teut hole near Monsanto. The coefficien! of permesbllity
of the squifer In the vicinity of the lewt hole wan est)-
mated 10 Le 3000 gpd/ay 1t from squifer-il=t dala. The
S0 percent size of the materials in 1he finest rample Is
iens than 4 times the 30 prreent alze of the materiais in
the coarsest sample; therefure, the slut aize should nar
be taftured to Individunl samptes hul should be Lased on
the mechanical analysin of the Hnest sample. The effeciive
grain sizes of all three samples are greater than 0.01 snd
unlformity cocfficients are greater than 3. A naturs)
pack well la therefore indicatm!, The mnicrials vveriying
the aquifer will not easily cave so tha wieve aize (0.061)
inch) that retains 40 percent of the aquifer materlals is
salectrs) as the projier slot slze. )

Suppuse & pumping rate of 1000 gum Is desired,
Computations mude with equatlon 9, indicule that 26
fee! of 16-fnch continucua sipt screen with & stot open.
ing of 0.060 Inches is needed. The effeciive npen ares of
the screen Is estimated (0 be 0.640 sq Mt per fout of the

GROUND-WATER

‘The first significant withdrawal of ground water In
the East St Louls ares started in the ate 1€90x. Prior to
1900 ground water was primarily used for domestic and
farm supplies; since 1900 pumpage has been mostly for
industrial yes. The Airst record of an induntrial weil in the
East St. Louls ares is for a weil driYled in 1894 by the Big
Four Railroad in East Alton (Bowman and Reeds, 1807),
The well was 54 feet deep and 8 Inches in dlamaster, snd
was pumped at an average rate of 75,000 gpd. The
water was used primarily in locomotive bollers. The
meat packing industry in Natlonal City siarted Lo pump
iarge quantities of ground water In 1900. According 1o
Schicht and Jones (1962), estimated pumpage from
wells In the Nationkl! City area increased from 400,000
gpd In 1900 to 5.3 mged In 1910. The frst municipal well
was drilled In 1899 by Edwardsvilie at a sfte near Posg
and wag pumped Al an average rate of 300,000 gpd. The
secand municipal well waa drilled in 1901 by Collinsville
at & site abou! a mile north of Caseyville and was
pumped at an average rale of 100,000 gpd. Pumpage
teum wells in the Fant St. Lauis area frum 1880 through
1960 was estimated hy Schicht and Jones (1862). Emtl.
mated pumpage from welis increascd from 2.1 San In
1900 o 111.0 mgd in 19%6 an shown in fAgure J2. Pump-
age declined sharply from 1110 mgd in 1956 (0 920
mgd In 1958 and then gradually increased to 83.0 mgd in
1060. The average rate of pumpage Increnne for tha pe.
riod 1890 through 1960 was abuut 1.5 mge per year.

Pumpage from wells In the Juat 81, Louln srea was
greatest in 1956, totaling 11).0 mgd. As shown In fgure
12 pumpage increased from 93.0 mgd In 1960 to 968.8 mgd
tn 1961, and increased sharply to 105.0 mgd in 1962,

screen, The optimum screen enirance velocity (table &:
\s equal o 8 Tpm.

Allernate designe 1o the alave axample am poaaihle hy
using & amatl diameter screen with a longir length or a
larger diamater screen with a shorter fength,

The following are well dlameters that have been used
in Iitinnis (Smith, 1961):

Poan e
(epm) [{L7]
128 &
Mo "
600 to
1200 12
2000 H
300 18

Experience han shown that in the case of s multiple
well nystemn conslsting of more than two wella the proper
spacing between wells In at lenst 230 feet.

WITHORAWALS

Pumpago la concentrated in five major pumping cen-
1e78: the Alton, Wood River, Grantte City, National City,
and Monsanto arees. Aiso, there are five minor pumping
centers: the Falrmont City, Caneyville, Poag, Troy, and
Glen Carbon areas. The distribution of pumpage in 1936
and 1062 are shown in figures 33 and M4 respectively,
which also indicate the Jocations uf the pumping centers.
As shown In figures 35 and 36, changes in pumpage for
the period of record sre similar in sl major pumping
centers. Poor economlc conditions are reflected in ihe
decreanad pumpage during the years of the late 19208
and early 1930s. The cffects of increased production dur-
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Ing World War Ul and the poat-war reduction In produc.
tlon are evident. There haa heen a general and gradual
tncrease In pumpage from the five minor pumping cen-
ters throughout the period of record as shown in fgure
3.

The dintribution of pumpage from wclis in 1938,
1960, 1961, and 1962 is shown in tahle 21. The greatest

Table 21.  Distribution of Pumpage from Wells

_ Tatal pusnpage (mpd}

Pompmg N

cverer " 1% 1% -3
Alton area L1 138 123 179
Wood River anca 211 2009 M3 ol
Cily v MU 19 R ne

1 City area 13K L1 10K ne
Aonsanio area My n2 Ne 14
Fairmont City area 24 az 44 45
“aseyrille area 23 28 24 25
I'ag area 09 1.2 12 12
Troy srea 03 08 04 03
Glen Carbon ares 02 0.3 03 04
Totat 111.0 230 $88 1030

Figwe 1). Distributies of setimated pumpage in 1958

-
e e
oo o e
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Figurs 34, Distribution of sstimated » n 1963

change In pumpage from 1958 to 1962 occurred In the
Granite City area. Because of a serious decline In water
levels caused by heavy pumpage concentrated In a rela-
tively small area and the severe drought during 1952-
1956, the Granlte City Steel Company abandoned lts
wells in 1337 and began nbiaining water supplies from
the Mississippl River. As s result, withdrawals of
ground water dropped sharply from 30.1 mgd In 1958 to
7.6 mgd In 1954, At gradually Increased to 9.3 mgd in
1963. ?Iv-uo in the National City ares in 1962 does
not y to dewater a cut along an
Intersiate Zn..i-w In construction near National City
since this Information was nnt avsilalie at the time this
report was written,

Of the 1962 total pumpage. withdrawals for public
waler-supply systems amounted to about 8.4 percent, or
6.7 mgd; industrial pumpage was about 81.1 percent, ot
937 mgd; domestic pumpage was 2.3 percent, or 2.4
mgd; and irtigation pumpage was 0.2 percent, or 0.2
mgd.

The major industries in the East §t. Louls area using
ground water are oil refineries, chemical plants, ore re-
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fning plants, meat packing plants, and steel plants.
Data on Indusiria! pumpege were obtained from 82
plania. Industrial pumpage was 3.5 mgd In 1960, BT.8
mgd in 1961, and 93.7 mgd In 1962. Public suppslies in-
clude municipal, cmmercial, and Jnstitutional uses. 1n
1962 there were 10 public water supplivs in the East
St. Louls area having an estimated total pumpage of 6.7
mgd. Public pumpage was 8.8 mgd In 1960 and 6.6 mgd
in 1961, Water pumpnd by hutels, howpitals, tuaters,
motels, and restaurants Is clussified as commerciat and
Institutions! pumpage and In 1962 averaged abuwul 400,
000 gpd

Domestic pumpage, Including rural farm nonirriga-
tion and rural nonfarm use, was estimated by cunsider-
Ing rural population as reported by the U.S. Bureau of
the Census and by using a per capita use of S0 Rt
Ixmestic pumpage wis estimated tu he 2.4 mgd in 1460,
L1, and 1962,

Development of ground water for ierigation on a
significant scale siarted In 1954 during the drought ex-
tending from 1952 through 1956. In 1962 there were 31
irrigation welis In the East St. Louls ares, Estimated
irrigation pumpage was 300,000 gpd in 1960, 100,000 gpd
in 1961, and 200,000 gpd in 1962

Prior (0 1953 pumpage from wells was largely con-
centrated In areas at distances of 1 mile or more from
the Mississippl RMiver, During and after 1931 pumpage
from wells at distances within a few hundred fect from
the river incressed greatly in the Alton, Wond River,
and Monsanto arcas. Disiribution of pumpage from wells
nesr the river during 1936, 1960, 1983, and 1962 ia given
In table 22. The distritbwtion of pumpage from wells near
the river In 1962 Is shown In figure 38. During 1962 tatel
purepage from Alton, Wood River, and Monsanto area
pumplng centers was T48 mgd of which 31.2 mgd or

41 7 percent was withdrawn from wells near the Misais-
sippt River,

.o

Fgure )8, Disiributoen of o
asar Mitsiosippl River ln (942

Yable 72. Distribution of Pumpege fram Welly neer Misissippi River
fPumpage in million galluns per day)
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cemter renter arar thver rovier
Altun area 8 [i} NKX ]
Wad River area na 13 w0
Monsantn area g 108 Nz
Total - LIK)) 181 417

WATER.LEVEL

Prior to the settlement of the East St. Louls ares, the
waler table was very near the surface and shallow Inkes,
ponds, swamps, and poorly drained areas were wide
spresd Development of the East St. Louls area led to

M
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FLUCTUATIONS

the construction of levees and drainage ditches and sub-

hanges In gr d-waler levels. Bruln and
.ﬂ::: (1953) estimated that thewe developments causerd
lowering of ground-water iwels hy 2 10 12 fret. In ad.

ditlon, Industrial and urban expansion and the subse-
quent uss of Iarge quantities of ground water has luwer-
ed water levels appreciably in the Alton, Wood River,
Granite City, Natlonal City, East St. Louis, and Mon-
santo areas. Lowering of water levels caused by large
withdrawals of ground water has slso been experienced
In the Poag, Caseyville, Glen Cartum, Troy, and Falrmunt
City sreas.

Figure 39 shows the change In water levels in the
East St. Louls area during 6] years. The map Is based
un plezometric surface maps for 1900 and 1961. The
greatest declines occurred In the Aive major pumping
centers; 50 feet In the Monsanto arca, 40 feet In the
Wood River ares, 20 feet in the Alion area, 15 feet In
the Natlonal City ares, and 10 feet in the Granite City
ares. Water levels rose more than 3 feet along Chain of
Rocks Canaj behind the locks of the canal where the
stage of surface water in 1961 was shove the estimated
plezometric surface in 1900 1n ureas remote from ma-
jor pumping centers and the Mississippt River, water
levels declined an average of aboul $ feet. Water levels

o=

e

e e et et sary

Figueo :. Estimated shonge in waler lovels,
1900 1o November 1941

have not changed spprecisbly in the llurseshve lake
ares.

The plezometric surface map for December 1956 was
cumpared with the ulezometric surlace nuap for Novem.
ber 1961, and figure 40 sturwe the change In water leveln
in the East 8t, Louls sres during this tine. The great-
ent rises in water levels, excewling SU feet, were revurded
in the Granite City area and are due largely 10 a reduc-
tion in pumpage in the ares from 31.6 mgd In 1936 to
abuout 8.0 mgd In 1961, \WVater levels declined slighily In
the center uf the Munsaniu cune uf depresaiun because
of an Increase In pumpage of about 3 mgd frum 1936 10
1961, Water levels rons mure than 3 feet in other places
In the Munsanto area and more than 10 feet In the Al
tun area. Water levels in the Woud River ares declinet
Jens than 1 fuut nesr the center of pumping and rom-
more than 10 fegt in olher places. Alung the Mirsissipy
River west of Wood River water levels ruse more than 20
feet; along the Miustasippi River west of Munranto wa-
ler levels declined slightly In an area affected by an in.
crease in pumpage from wells near the river. In areas
remole from major pumping centers and the Mississippl
River, water levels ruse on Lhe average about 5 feel.

Changes In water levels from June (o Novembrr 1961
ware computed (Schicht and Jones, 1962) and were
used (o prepare figure 41, The siage of the Missimaippi
River was higher during November than In June, and as
a result ground-water levels rose appreciably along the
river especially in areas where induced Infiitration occurs.
Walter levels declincd more than 8 foot at many places
in the Granite City and Nationat City aieun and along
the bluffs north of Prairte Du Punt Creck. Water-level
declines averaged about 3 feel south of Pratrie Du Pont
Creek. Water-level rises exceeded 3 feet In the Alton
area and exceeded 7 fest along the Missirsipp! River
weat of Wood River. Water levels rose In excoss of 4 (eel
In the Monaanto aren. A tongue of water-level rine ex.
tended esstward through Monsanto and to a point about
3 miles northeast of Monsanto.

Changes in water levels from June 1961 (v June
1862 are shown In Nigure 42. The stage of the Miasissippl
River was higher during June 1062 than in June 191
aml as 8 result gro ater levela rose npprecinbly o
naippl Hiver and Chain of
Rocks Canal. Water levels declined more than a foot
near Monsanto along the Mississippl River an a result of
heavy pumping. Water levels declined lexs than a foot
in the llorscahoe Lake area and In pinces along the
bluffs; water levels also declined in a strip west of Dupo.
Water Jevels rose In excess of 5 fert along the Missisalppl
River In the Alion and Wond River areas and slong the
northern reach of Chaln of Rocks Canal. Immediately
east of Dupo water levels roxe in excess of 4 feet.

Changes In water Jevels from Novembher 1961 to
June 1962 are shown In Ngure 43. Ground-water levels
rose appreciably In most placex becnuse Minalxatppt

3
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River stages wers higher in June 1062 than In November
1981. During the winter and early spring months, con-
ditions were favorabie for the inliitration of rainfall to
the water lable. Ground-water lcvels rose appreciably
along the blulls, the rise excreding 7 feet in places.
Ground-water level rises along the Mianlsaippi River
exceeded 3 feet east of Wood River and east of National
City; ground-water level rises exceeded 5 feet at the
northern end of Long Lake and near Dupo. Water levels
declined less than 1 foot arcund MHorscshoe Lake snd
between 1 and 2 feet in & small aren near Monsanto.

Examples of fuctuations in water levels in the East
St. Louls area are shown In figures 4449. The locations of
observation wells for which hydrographs are available
are given in figure 30. As Uustrated by the hydrographs
for wells remote from major pumping centers in figure 44,
water levels generally recede in the late spring, summer,
and early fall when discharge from the ground-water
reservoir by evapotranspiration, by ground-water run-
off to streams, and by pumping from wells ia greater
than recharge from precipitation and induced infiitration
of surface water from the Mississippl River and other
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. Estimated change in woter lovals,
June 1o Navember 1941
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«Hows 41, Eslimeted shonge In woter lovels,
June to June 1942

streams. Water levels generally begin to recover in the
early winter when conditions are favorable for the in-
filtratfon of rainfall to the water table, The recovery of
water levels Is especially pronounced during the spring
months when the ground-water reservoir recelves moat
of its annual recharge. Water levels are frequently
highest in May and loweat In December, depending pri-
marily upon climatic conditions, pumping  rates, and
the stage of the Misstsslppl River. Water lrvels In wells
remote from major pumping centers have a seasonal
Nuctuation ranging from 1 10 13 feet and averaging
about 4 feet

Water levels In the East St. Louls area declined ap-
preclably during the drought, 1952.1938. The records of
the US. Weather Burcau at Edwardsville indicate that
rainfall averaged sbout 34.3 tnches per year from 1932
through 1958, or about 6.5 inchex per year below normal.
The hydrograph of water levels In well MAD 3INBW.
31.2a and the graph of annua! precipitation st Edwards-
ville for 1941 to 1862 In figure 45 lilustrate the pro-
nounced effect of the prolonged drought on water levels.
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FEaamplea of hydrographs of water In welln within
MASW panping ovesters are sheawn b fgunm A6 0 Com.
parisans Oof pumpage and waler-level graphs lindicate
that {n general water levels within pumpage centers
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Estimated change in woter fovels,

Nevember (941 to June 1962

'u.II.l I—I‘v ) NP My Sw - v Jo
0 O O Y O AR
DAV s A Lm,m
1= PAS o NNV
~ PG e S SN
Figues 84 l“..a...!_;-...-l_.- lna....“-l.“... r” l.n_“ -
»

Auctuate In response Vo changes In precipiiation, river
Atage, an pumpupr The efircis 0! the drough during
1952.1958 are apparent; the effecia of changes In river
siage are masked almost compietely by the effects of
the drought and pumpage changes [Huwever, careful study
of river atagrs ind water-level data Indicate that water
levels fn major pumpage centers do fluctuste severa! fost
in responne to large changes in river stage. If the effects
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Figure 45, Waler lovels in well MAD INOW.) (.24 and
sunusl pracipitation ot Edwardavitle, 1941.1982
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Figure 47, Water levels la @ranite City aree, 19521942
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of tha drought and changes in tiver stage are taken
Inta consideration, waler-irvel declines are dliectly pro-
porilonal 1o pumping rates. The water leveis vary from
place tn place within pumpage centera and from time to
time montly because of the shifting of pumpage from
well to well, shifting of pumpage from pumpage centers
1 mile or maore from t(he Missisalppl River 10 pumpage
centers near the river, and varlations In total well ficld
pumpage. At no location Is there any apparent contin-
uoun decline that cannot he explainad by p in.

Anml fluctuatione of water levela in wells whth
major pumping centers are generally leas than 1% fn
The average rate of decline during 19521955 wae at=.
2 feet per year. The aversge mte of rise (n tha Grani
Chy area during the period 19571962 was about 2 fr
per year. The average rate of decline in the Monwan
aren during 1930-1962 was about 13 fert per year.

creases. Thus, within a relatively short time after each
increase in pumpage, recharge directly from precipita.
tion and by induced infiliration of water In sireams in.
crrased In proportion to pumpage as hydraulic gradients
hecame grenter and arean of diversion expanded.
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Figure 40. Water tovels in walls in Natlenal City sree,
19581942

Figure 49, Waler lavals in wolls in Manssate aree

PIEZOMETRIC SURFACE

In order to delineate areas of diversion and to deter-
mine directions of ground-water movement {n the East
St. Louts area, plezometric surface maps were made.

Figure 51 deplicts the surface drainage system In 1900
and the estimated plezometric surface prior to heavy In.
duntrial develn) t The pi rie surface sloped
from an estimated elevation of about 420 feet near tha
bluffs (0 about 400 feet near the Mississippl River. The
average slope of the plezometric surface waz about 3
feet per mile; however, the sinpe ranged from § feet per
mile In the Alton area to 1 foot per mile In the Dupo
area. The slope of the plezometric surface was greatest
noar the bluffa. The general direction of ground-water
movement wan west and south toward the Mississippl
River and other streams and lakes. The establishment of
Induatrial centers and the subeequent use of large quan-
tities of ground water by industries and municipalities
has lowered water levels appreciably in the areas of
heavy pumping.

From 1952 through 1838 water levels declined a
prectably In the East St. Louls area an the result «
drought conditions, low Misainalpp! River stages, ar
record high ground-water withdrawala. Figure 52 show
the plezometric surface in December 1856, when wat
lovela were at record low stages 8t manv plares

The {ltustration shows cicarly the conen of depre
nlon In the plezometric surface which have develop
as the result of heavy pumping. It will he noted that
considerable lowering has taken place in the plezometr
surface since 1900. Tn 1938 the deepest cone of depre:
sion wan in the Cranits City srea. Other pronnunce
cones were centered in major pumping centerx.

Figure 5Y shaows the piezometric surface in Jur
1961 after pumpage was reduced in the Granite City ar»
The plezometric surface map for December 1938 Is ain
{lar In many reapectn 10 the plerometric surface map f(
Juna 1981, Significant differences are that the cone «
depressfon in the Granite City area was much deepy
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in 1956 than in 1961, and ground-water levels were lower
in the vicinity of streams and lakes in 1958 than they
were in 1861,

During June 1962, when water levels wers near peak
stages, & Mass & ot g d-water Jevels was
made, and data collected are glven In tadles 23, 24, and
2%, The plezometric aurface map for June 1862 la shown
In Agure 84. Fratures of the plezometrie surface maps
for June 1961 and June 1062 are genernily the same. The
deet cons of dep in June 1962 wan centered In
the Monsanto aren where the lowest water levals were
at an elevation of about 350 fect. A smaller cone of
deprussion occurred near the Mirsinsippl River about 1.5
miles west of the large Monxanto cone of depression In
the vicinity of a small pumping center. The water levels
in the center of this cone of depression were at an ele-
vation of about 355 feet. The elevations of the lowest wa-
ter levels in other Important cones of depression were:
383 foet in the Wood River ares, 390 feet in the Alton
area, 383 feet in the Granite City ares, and 390 foet in
the National Clty area. -

‘The geners) pattern of flow of water in 1942 was siow
mavement from all directions toward the cones of de
preasiona or the Missiasipp! River and nther streama
‘The lowering of water levels in the Alinn, Wond River,
Nationa! Ciry, and M 10 arean that has aceompanied
withdrawals of ground water In thess areas has satah-
Mished hydraulic gradients from the Misslsaippl River
towards pumping centers. Ground.water levels wets be-
low the surface of the river at places and appreciable
quantities of water were diverted from the river intn
the aquifer by the process of Induced Infiitration, The
plezomnetric surface wag aAhove the river at many places
For example, southwest of the Granite City cone of de-
pression water Jevels adjacent to the river were higher
than the normal river stage and there wan discharge of
ground water into the river,

The average alope of the piezometric surface In arean
remote from pumping centers was 3 feet per mite, Grad-
fenta were sieeper in the immediate vicinity of major
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2874 4112 1031 400.98 +1.34 +1.60
NRe A1 1016 an4 4153 4181
T BT S VY Y, ) +1.57 +1.78
160 41018 (37 400.80 (KXl 13.22
36 4046 419 399.60 11.02
38 5h 41428 1329 40096 +3.16 +381
S0 -
2NAW.
614 428 1720 40780 1302 1428
BRI 42927 A0 awn -4 1.00 41.00
7202 430 2263 ey 4872
INBW-
240 OB 08S 41188 43,8
dA4g 422 1344 406 36 430
J Ra 424 2.m L0 IS: 4 4267
7% 420 23.60 340 40 +2.56
e 420 03 RS 97
418 11.R% 407.1% +353
420 T8 41212 466
210 1200 «n.70 433
M8 4 BLE-"] 4062 +2.38
LL ¥ SE 816 048R4 +4.
1578 430 pLE ] 0168 4297
174 418 1780 39140 +00m
1T 41131 4.2 v +1.37
W3a 4165 2260 233.90 +1.41
198 41878 M2 ART.54 +om
™M 40 FERT] 354 K2 +2.14
Nds 4NN 10 41288 A 4RT
M6e 428 16.42 arsA +4.14
WM 42418 1524 40004 4286
280 42139 127 40A 61 ~0.01 +2.84
1 8g 415 944 405 54 +2.38
2R4g 408 148 407.45 4238
3a6d 413 253 an0 ¢7 4088 +1.94
323%  40m 1228 398.72 4013 +258
Man a7 12.08 A04.84 —0.m +2.14
izhn 412 20.15 ILRS 4242 4338
1381 4184 Mo w140
123 41854 2962 388.92 +283 +6.92
127x 410 2391 366.09 41.08 +241
Z34c  INOT2 1994 IT9IR +1.28 +1.43
2340 4187 2149 amzn (30 4437

pumping centers and excerded 30 feet per mile within
the Monsanto cone of deprension. Gradients averaged
about 10 fect per mile wihthin the Alton, Granite City,
National City, and Wood River cones of depression.
Along Canteen Creek and Cahokia Canal east of
Hormeshoe Lake, Long Lake, and Grand Marais State
Park Lake, the piezometric surface was higher than the
surface-water elevation and ground water was discharged
into these streams and lakes. Below the confluence of
Canteen Creek and Cahokia Cansl south of Horseshoe
Lake the piezometric surface was lower than surface-
water elevatioas of Cahokla Canal at places where wa-
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418 47 57 -—0.39 12m
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.2h 40433 4052 -1 68
4h 400.9 HOTA +1.8
10.1¢ 400.29 +0.04 +1584
104¢ 40224 - OR2 ERE.
12.5b 401.74 —0.23 +0W
1330 amxs —0.32 1068
182¢ 415 +2.04 Haam
17.1e 400 -7 +A87
19.61 408.4 -1n 1282
2138 410 1383 40688 —3 AR
2141 41201 13RS 4202
288a 405 954 +0.38 2.9
A0.6h 405 3 a3 —0.M 1254
23 44 8N 4409 41810
MON—
IN1OW-
30.8b 408.1 12,00 396.01 —ORS 420
Nad 407 1058 306 43 +1.4 +3.00

ter levels have declined as the result of heavy pumping.
Surface water in the Cahuhia Diversion Channel south of
1the Wood River is kept above the plezometric surface at
an elevation of 413 feet by a low wAter dam near the
outlet of the channel. Surface-waler levein are also con-
trolled in Chaln of Nuackx Cana) by Lok No. 27 near
Granlte City and were higher than the pirzometric sur-
face adjacent o the canal. The plezometric surface in
the vicinlty of Wood River near Alton and Pralrie Du
Pount Creek south of Monsanin was slightly higher than
the gurface-water elevations of the strcama. At the
tower end of Horseshoe Lake north of National City,
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South of Praifie Du Pont Creek ground wsier nor.
mally fluws towant the Missisnippl River Ground waler
L from the vicinlty of Long Jake northwest towanls
e Messisaippl River brtween the northern end of Chaln
uf Racks Canal snd the autlet of the Cahokla Diversion
Channel Ground water fluws toward the Minsixaippt
River along the weatern half of Chaouteau Island.
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FHowe B). Apprasimote slavation of plasemeteis swrlace,
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Takle 24. Lok and S1raam Elavations

Water-eutine

" L [ thesine |
e peptord THUL B (W eese =t
2 Highway takige 3. NW 440 42 44410

vor, see 1], TIN, RUwW
a itighway bildge 3, Nt LLTR: ] 404
cor, nec 14, T4N, ROW
4 Mighway bridge ¢, SE 4205 41422
cur, sec 12, TAN, RIW
] Statn Rte ) bridge, SW 4880 39643
cor, mee 8, 12N, YW
2 Sand P'rairie Road bridge, 418.04 400.49
Canteen Creek, near
center sac 35, TAN, ROW
3 Sand Peairie Road hridge, 418353 400 33
NW cor. sec 33,
TIN, NOW
L] 1atley bridge, NW car, 418 40 404 19
nec 19, TIN, RAW
3 Nlack Lane hridge, 420.60 402.10
Canteen Creek, near .
center sec M, TIN, ROW
Hurseshoe Lake Control  403.T1 403.84
Warka, NW cor, sec M,
TIN, R¢W
hain of Rucks Canal 407.90
tupper), SW cor, acc ¥4, (Supface
TAIN, Riow water
Chatn of Racka Canal alevations 401.00
flwer), NW cor, sec 23, Feporfed)
TIN, R10W
Table 25. Mininippl River Stages, June 1962
Waser-murinre
Misimippi iver wne -.t_.
Cagr_ domreption wile_pymtee m........FMH
Lock snd Dem Nu. 26
Alton, IIl. (lower) 2027 4108
Harttord, Il 1968 409.4
Chaln of Rocks, Mo, poal 1%0.4 408.5
Tallwater 1903 4043
Bissell Poinl, Ma. 183 014
8t louis, Mo 1188 kLY
Engineer Depot, Mo. 116K 364

DIRECT RECHARGE TO AQUIFER

Only & part of the annusl precipitation reaches the
water table. A large part of the precipitation runs over.
land to streams or Is discharged by the prieras of
evapotranapiration before it reaches the squifer. The
amount of precipitation that rraches the 20ne¢ of aatura.
tion depends upon severs! factors. Among these are the

4“

character of the soll and other materials above the wa-
ter table; the lopography; vegetal cover; land use; sol}
molisture; the depth 1o the water tahle; the Intensity
duration, and scasonal distribution of rainfall; the oc-
curtence of precipliation as rain or snow; and the air
temperature.
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Generully ground waler recharge in the Tant 80
lamiia area (5 givatest In apring and ewily wy er
months of heavy rainfall and least In the late summer,
fall, and winter montha. Most recharge occuis during
wpring months when evapotranspiration is wmall and
soil moisture is maintained at or above
tugquent raine During summer and fall n
transptration and soil moisture requircminta
priurily un precipitation and are s great that |
vipitation perculates ta the water table except during
periofs of excessive ralnfall.

Recharge direcily from precipliation was rslimated
by fow-net analyses of the pleeometric surface in the
vicinity of the Woai River, Granite City, Nat ! City.

miasihility, and it can be computed by ustog the folow-
ing modified form of the Darcy ~quallon (see Ferris,
1959,

Q -TI, (10)
where:
¢ = discharge through luw croes section, in gyl
T =3 coeflicient of tranamimibility, in gpd/ft
! = hydraulie gradient, in ft/mi
L = widih of luw cruss section, in mi

The rate of recharge directly from preci
ratimated on the basls of the difference in discharge of
waler 1hrough successive Now croms seclions with the
fulluwing equation (Walton, 1962):

K = (@, —Q) T ah, 8A, (21410014, (11)
where:
R - rale of recharge, in gpd/aq mi

Q, — Q, = difference in discharge of waler ihrough
aucressive flow cluss sections, in gpd

Sh, mvctage 1ate of waterdevedl de
within srea between siceesrive (hiw clons
sevtions, in (pd

A, - surface arca lwiween sucerssive flow fose

8

The | sign ls used when there is a waier-ievel rise and
the — sign Is used when there is » waler-ievel decline.

Flow lincs were drawn at right angles 1o (he est).
mated plezomeiric sutface conlours for Drcember 1956,
June 196), and June 1962 toward cuncs of depression
in the Wood River, Granhte City, Natlonal City, and

46

32 thruugh 34 The locatienn of Now chanwia were so
chosen 1hat recharge ratea under all types of geologic,
hydrotogic, and land use conditions could be studied,
The dincharges thiough cruas sections A--A‘, B- B,
CCn DR E, FeF, G-GY, ant H-~-H° were
computed using equation 10 and Ngures 25 and 32
through 34. Differences In discharge of water through
successlve flow cross sectionn were determined. Average
rales of water-level declines or rises within flow channef
areas were estimated from hydrographs of obeervation
wells. Surface arvas of fow channels were oblained
from fAgures 52 thiough 54. The average coeflicient of
storage of the coarser deponits was estimated to be 0.20
on Lhe basis of aquifer-iest data, and the average coe-
Melent of wtorage of the finer grained ultuvium was esiy-
nmated ta be 0 1 diex by Schicht and
Walton (1961). T} ta mentloneit above were substi-
tuted in equation tl, and 1echarge rites for each flow
h | arva were comp 1.

Recharge rates vary from 299,000 gpd/sq mi in the
National City area to 475,000 gpd,sq mi in the Woud
River ares. The average rate of recharge In the East §t.
Louls area is 371,000 gy, aq mi. The East St. Louis area
covers about 175 square miles. It Is estimated that totat
vecharge dircetly from precipitation to the East Si.
lauis ares averages ahout 63 mgd.

The subsuriace flow uf waler from Lhe bluffl was
estimated by wiudying the movement of water through
Hluw chunnels near the (it of the bluflf. Flow llnes were
drawn at right angles 10 the blull and the estimated
piezometric surface contours for June 1961 and June
1963 1o delimil the Nuw channels shuwn in figures 33 and
54. The discharge through cruss sections I—I‘, J-J°,
and K- K’ were computed using equution 10 and figures
23, 53, and 34. Average rates of water-level declines or
rises within flow channel areas were estimated from
hydrographs of observation wells. The average rates of
changes In storage within flow channel arcas were com-
puted sy the products of waterdevel chisnges, stursge ¢o.
eiliclents, and fiow chanuel areas. Revharge dicvetly frum
precipitation with ow channel arcas was rstimated ag
the produels of the average recharge rate (371,000
gpd/aq ml) und flow  channel arcas. Recharge and
changea in stol
nacted from the dischaiges through cross sections I- 17,
J-<J, aml K K™ fu compute ratés of subsurface tlow of
water fiom the bluff. The aveiage rate of subsurface fow
of water from the bIul is 329,000 gl/mi. The length of
the blufl forming the castein boundary of the East St,
Louin a1 in 39 mites. Thus, 1he ) rate of subsurface
How of water from the ufls s aboul 12.80 mgd.

ow channel areus were suby-
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RECHARGE FROM INDUCED INFILTRATION
-

The lowering nf! water leveln In the Alon, Wood
River, National Clty, and Monaanto arras thal has ac-
cnmpanied withdrawais of ground water in theae areas
has eatabiished hydrautic gradienie from the Misalasippl
River towarda these pumping center, [n addition, lower-
ing of water levels in the Granite Clty area has estab-
lished a hydraulic gradient from the Chain of Rocks
Canal towards the Cranite City pumping center. Thus,
Rround-water levela are helow the surface of the river
and canal at places, and appreciable quantitien of water
percolate through the heda of the river and canal Into
the aqulfer by the proceas of induced Infiliration.

‘The volume of water percniating through the beds of
1he river and canal into the aquifer during 1961 was es-
timated by subtracting the volume of water recharged
ta the aquifer within areax of diveraion directly from pre-
cipltation and aubsurfsce fiow from the blulf from the
tnial volume of waler pumped. In 1961 conen of depres.
sion were reintively stable und changea in atorage with-
in the aquifer during the year were very amall. As shown
in table 26 about 482 mgd or 30.0 percent of the total

Teble 26. Recherge by Sewrce During 1961

-_- th R barge
withis  Revhaspe fram hl

al h.. L FI-. bl- LI!..ir l..r
Pompieg Pemage Grrresn I - .
l!l- l-.l{..l-ll,.-ltw. :.n"“ .\.Iﬂa&l kh.-ﬂ.l

Allon area 12.30 34 112 27 1.00 118

Woond River

area 2430 79 260 103 4 1448
Pnag area 1.20 neR nepg 32 1.20 [}
Granite Clty

area RA0 [ [ n0ne 163 195
Troy avea 040 ner  neg 1.1 040 n
National City

ares 10”0 [}] [} m7 an lne
Falrmont

City aren 440 0 [ 1R 440 [
Cazeyville

[ 240 29 (3} an 144 []
Glen Carbon

Area ann e neg oR 030 0
Monsanto

aren non 21 AT M0 12e NS

Total PR AN 14 4318 LLRL]

pumpage (BER mpd) was derived from induced In.
Nitration of surface water in the Missianippl River. The
plezometric rurface map In Agure 54 wns used to de-
limit areas of diversion and lengtha of bluff within areas
aof diversion. Recharge direetly from precipiiation wan
entimated as the producte af arerz of dlverajon and the
averege recharge rate (371.000 gpd/sq mi). Subsurface
flow from the bluff was extimale! as the products of
fengtha of biyff within areas of diversion and the aver.
age rate of suhaurface flow (329.000 gpd/mi).

The amount of Induced Inflitration Is dependent
largely upon the inflitrution rate af the river hed. 1he
river-bed aren of infiitration, the position of the water
tahle, and the hydraulic properiies of the anuifer,

Infitration Rates of River Bed

The Infltration rate of the Missiaaippl River bad wae
determined with mquifer-test dais. Methords of analysis
of aquifer-test dats affectad by siream recharge werr
describved by Rorabaugh (1938). and 1{antush (1938) In
addition, Walton (1963) Intrnduced & method far deter-
minfng the infiltration rate of 3 strram bed by aqulifer.
1eat analysis.

It the hydraulic properties of the aquifer and the
dintance a are known, the pereentage of pumped water be-
ing diverted from & stream can v compuied with the
following equatinn deriveidt hy Thein (1911);

Lz
P, n\:A exp (- farc?u) du a2
-8
where:

u = wn'(r,/a)

! = 1.8T1a'8/Tt
P, -t precentage nf pumped waler heing diverted from

the stream

T - coefficient of tranaminsibitity, fn gpd/ft
8 = coeflicient of atorage, fraction
a - disiance from pumped well 10 recharge houndary,
nft
t = time after pumping staried, In dayn
r, = distance along recharge boundary measured from
the perpendicular joining the real And Image
wells, tn 1
Figure 33 given values of P, for varioua values of f and
showa, therefore, the percentage of pumped Water heing
diverted from the stream. The amnunt nf recharge hy
induced infiltration Ia then given hy the following equs-
tion:
Q. - OP./100 (am
whaere:
Q, = amount of induced Infiltration, in gpm
Q@ ™= diacharge nf pumped well, In gpm
Values of drawdown at several points within the
stream hed equidistant upstream and dnwnstream from
the pumpad wr)) and between the line of recharge and
the river's edge are computed, taking Intn conrldrration
the effects of the image well asmciniad with the line of
recharge and the pumped well, with the follrwing ~ua-
tionn:
E IR Y N {14,

8, T 146QW(w) T am

'
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where:

T drawdown al obacrvation poimt, in 1t

drmawdown due 1o pumped well, In ft

=T huildup due 1o image well, in ft

= diacharge of pumped well, in gpm

2 coeflicient of transmissibility. in gpd ft

== coefficient of slorage, fraction

, = distance from ohservation point (0 pumperd well,
in N

?, 7 distance from ohservation point to image well In
f

f - time after pumpling started, In min

m 40D
[}

~
W

The reach of the streambed, 1, within the area of fn-
fluence of pumping ta determined by nating the laention
of the points upstream and downstream where deaw-
down {s negligiite (gay 72 0D)). The area of induced §n-
Aliratinn, A, Is then the product of L, and the average
distance between the river's edge and the recharge
houndary.

The infiltration rate of the stream hed per unit area
can be computed with the following equation:

I, = 83%10'Q,/A, as)
where:
I, = average inftratlon rate of siream hed. in gal-
lons per day per acre (gpd/acre)
@, = amnunt of induced infiltration, in gpm
A, = stream hed arca of Inlitration, in sq 11

Rough approximations of the average head lnxe .
due 0 the vertical percolation af waler through the
stream had can be determined by averaging drawitowns
computed al many paintg within the area af infiltration.
Values of drawdown within the stream-bed arca of In-
filration are computed, taking inlo consideration the
pumped well and the image well arsociated with In-
duced Infitration, with equations 14 through 18.

The sverage Inflliration rate of the stream hed per
unlt area por (1ot of head lons cuns be estimated by use of
the following equation:

INR NN 20)
where:

1, = aversge infiliratinn rate of siream bed. In gallons
per day per acre of stream bed per font of head
losa (gpd/scre/ft)

1, = avernge Infiltration rate af siream hed. In gpd/
acre

s, = average hoad loas within the stream hed nren of
infiliration, in ft

“The infiliration rute of the Misaianippl River hed at
three sltes wan determined from aquifer-test data. The
sites are just snuth of the confluence of Wond River and
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the Missinnlppl River, weat of Wond River, and west of
Monarnio. A summary of the resulln of aquifer teats
and compuled Infifiration rates are given in tahle 27, The
infittration rate near the eonfluence of Wood River and
the Missizslppt River at a river temperature of 33F wans
retimated to he 303,000 gpd/acre/{1; the Infliratinn rate
weal of the ¢ty of Wand River wan entimated to he
38,300 gpei/acre/ft; and the inMitration rale weat of
Monranto at & river temperature of RIF was extimated
to he 91,200 gpd/acre/f1.

infliration rates per fnol of head Josa vary with the
temperature of the river water. Average monthly infiltra-
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Toble 27.  Reshs of Aquifer Teths Affacted by induced infiltration

Dusstion Pumpieg
Dese ol of W  reie
ﬁ-.l lansrren - fdews} (gpm}
Olin Mathieson Madison Civ May 29. a 160
Chemical TSN, RAW Jun 1, 108, 4 J000
{’orp. e 19 Feb 13:17, 19
Shell Oil Co.  Madison Cty. Mar 3-6€, 1952 3 310
TSN, ROW
nec 33

Monsanto Rt, Cialr Cty Aug 4-R 1952 4 1100
Chemical TN, nrow
Corp. ane 27

tion raten (tables 28 and 28) were computed on the hasis
of average monihly river temperaturen, figure 58, and
the following squation:
I R X W/ €21)
where:
1, = average Infiltration rale of river bed for a par-
ticular surface of temperature, in gpd /acre/ft
£, = avernge infiltration rate of river bed delermined
from aquifer-test resulin, in gidd /acre/l
a, = coefficient of viscoslly at femperalure of surface
water during aquifer tesi. in centimeter-gram-
secnnds (cgs) unita
»; = coefficient of viscosily at a particular temperature
of surface water, in cgs units

Table 28. Aversge Monthly infiltration Rates of
Mississipp! River Bad near Alton and Weod River
Inklication rate of chor rd

1apdjacrs 1)
Averagr nver

Iempetaturs at Newr coafuanre of
Alinm 1940 1845 Wt of Woed and

Mok r} Wored River Miasisoippl_Rowrrs
January k2] 33,800 30R,000
February M A3,Rr0ND 30R,000
March 41 w50 280,000
April 54 470400 436,000
May 64 8460 497,000
June 74 43,100 574,000
July 3] 9,200 /36,000
Augunat A2 0.0 840,0nmn
September ™ 83,700 £71,000
October m 84,00 403,00
Nowvember LT 411 EIEIXLL]]
Oecember m .00 Axn,000

River-Bad Areas of Infiliration to Well Fields

Four well ficlda in the Fast St. Louis ares are lo-
cated close to the Missizsippl River snd derive mosat of
their recharge from the Induced Infiliration of surface
water. The well firlds are south nf Alton In the Duck
Lake area, near the confiuence nf the Wood River and
the Minsissipp! River, weat of Wond River, and west of
Maonsanto as shown in figure 87.

One well ficld consisting of & coliector well and two
artificial pack wetln is owned hy the Shell Oit Refinery

. Vydeasiis pimmetis
T » 8 . .

L4
I teimpors.
Tire

(804710)  (994/s8 1) (l1etena typdjense} ) igpd.oemvelte) a1

100,000 1100 01 410,000 o kX0 Al

180,000 1900  0.002 8,800 on 38,308 ™

210,000 2800 008 15,500 olr 1,200 LA

and ia located ahout JOO feet east of the Misafsuipp!
Niver west of Wood River in sec 33, TIN, IIOW The dr.
rign capacity af the well firld i 5000 gpm or T2 med.
The ponitlon of 1he recharge houndary and the area
of infiltration far the denign capacity were determined
hy the process of triat and error. Several positions nf

the recharge ry woere ntsumed, and drawdown

Tabla 20, Average Monthly infiltratien Rates of
Missinippi River Bed near Monssnte

e atwre o lahierntina sose

Vom 3. L mun 19001000 ol nver bed

Nt R 4 _ Aedianeiiy
January M 47,000
Febnmry R 47,600
March Lh) 49,50
April [ £2,000
Mny [ 71,500
June " Rl 100
July R2 annn
August H 4,200
September T #4000
October 5] 72.000
Nrwember 53 f1,400
Decemher LAl 10,40
-0
o -
H
! N
P -
L / i
3 _
§ L N 1
A / i
- _ 1/ *
L -
b !
i , T
.II -8 » 0 ) ) w o
T RAtUAY w ¥
Figure 36, Groph showlng selstisnrhip bot " o
v y snd tomperature
4




of B0 feel fyum 1ha wall Aeld anid e 1lver bied mees of
tnfiltratian tn 173 acren, an xhown In Agure M.

The results nf an aquifer test, made at a low pumping
rate at the slie of the well fleld, Indicated a
300 (ret from the well field (o the recharge
Thus, the aquifer test at a low pumping rate indicated
A ctriain position of the recharge houndary and a rlver-
hed area of (nfiltration which were not valld for a higher
pumping rate. At higher pumping rates water fa with-
drawn at a rate In excens of the ability of the river-hed
to tranamit it, and as a reault the water table declines
helow portions of the river-hed. In such a case the re-
charge boundary maoves away from the pumped wells as
maximum [nfiltratlon accura in the reach of the river in
the Immediate vicinity of the well field, the cone of de-
presaion spreads upstream and downsircam, and the
river-bed area of infiltration increases. Drawdowns In
wells at higher pumping ratex hasist on the pacition of
the recharge boundary as determineid from the aquifer-
teat data are much leak than drawdowns based on the
position of the recharge boundary A« determined by trial
and error with equation 22. Thus, the poxition of the rs-
charge boundary determined from uquifer-teat data can-
not always he used 1o compute the patential yleld of well
feldn that depend primarily upon induced Infiltration of
surface water as & aource of recharge.

—— e — e

oo R b 1 ]
PSR S Bad

PONTI0N OF RTCHARGE
S0UNDARY DE 1(RMNED
RO AQUIFFR-TTST il

river-bed ares of inflitration or the average depth of wa. b
ter in the river, depending upnn the drawdown heneath v

~ \}
§ Oata fl\\ m
_ Figura 47 Estimatad dopths of Miny i River aod lacations o (s

of well Kolds ase . .
i 1 1%
4 ¥

&
i beneath the river bed and the river-hed aress ot Infitra- PONTION OF RECHANGL
BOUNDARY OF TERMNED ' varianation

“ tion were computed with squations 34 through 18. Values 168 5000 gpm e b MvER- D AREA OF
! of R, were then computed with equation 22 keeping In PUNPIRG RATE n win TasTion £OR
! mind that s, Iz elther the average head loss within the . Tag9aen rumeing
{
L)

the river bed.
p AL R IV L¥ ]
R -la A, 132) 4 .u.\\u::!: )
where: 3 ' ..\\ O ecTon me
R, = poientlal recharge hy Induced infiltration, In gpd m ~ r
1, average inflitration rate of river hed fur o par. “
ticular surfare water temperature, In ginl /arre/ft m.. “f
a, : average head loxs within river bed ara of infll. ~ m '
i tration ar average depth of waler in river for a
J particular river stage. depending upon the pont. .
1 non of the waler table, In ft -
« = river brvt area of Infiltration, In acren ' e .._u-J.-...-.
a .l-‘. l.l.n[liu.

The pasition of the recharge boundary and the river-bed
ares of inflitration which resultad in R, halancing the .

design capacity were judged to be correct. The recharge Figure 80 River bed oren of infitration for
houndary for the desigm eapacity in incated at a dintance Shell Oil Refnary well fiold
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Potential revharge hy the inducsd infitiratlon of aur-
face waler can be estimated vn the tasis of the intiira.
tion rates In table 30, river deplh records, water-level
data, snd river temperature data. Inflitration is directly
proportionat to the drawdown Immediately below the
stream bed and la at & maximum when the water table Is
immediately below the river bed. Under maximum infil-
tratlon conditions the aversge head loas within the
river-bed arca of Infiitration is the average depth of wa-
ter in the river for a particular river stage. Provided the
water table remains below the river bed, the least
amounts of induced Inflitration occur during extended
dry periads when streamfiow and Lhe temperature of the
aurface water are tow. Profiles of the river channel can
he used to determine the average depth of water In the
river. Potentlal recharge by induced Inflitration can he
determined by subatituling data In equsiion 22,

Table 30. infitration Rates of Stream Beds Determined
from Aquifer-Test Data in Itiinois, Indiana, and Ohio

Tobitraiins
o --ll“-' Surfore uﬂl.l Io.oa
Sywilopion by dagdiors/ln) __°F) (epdrecieipr)
Along Mad River about
4 miles nocthweet of
Springfield, Ohlo® 1,000,000 » 1,010,000

Along Miam! River 14
mides northwest of
Cincinnsti, Ohlo* 168,000 2 91,100

Along White River imme-

diately upatream from

the confluence of White

River and Kilibuck Creek

at Anderson, Indlana® 214,000 54 275,000

Along Sandy Creek
12 miles south of
Canton, Ohfo® 720,000 89 414,000

Along White River 1 mile

west of Anderson, In-

diana, % mile below

sewage treatment plant® 39.500 3 43,800
Along Misalssipp! River

near confluvmee of

Winal Hiver and Misaia-

sippl River ahove ron-

fMluence of Misaisaipsl

and Missotirl Rivers 308, (00 n 344,000

Along Misslesippi River

west of the city of Woemi

River abave confluence

of Misslasinp! and

Missour! Rivers A3 k] 37,300
Along Missiasippl River

west ol Mansanto below

confluence of Misaiasippl

and Missouri Rivers 91,200 [ -] 48,200

Caper Waon (199}

estimated from M) ppt River g made by
the US. Corpn of Engincers andd liw river stages during
1956 and 1957 The average depth ol wuter exceris 10
feel in places where the navigarion channel ix neac the
nols side, in the vicinity of Alten and Wiod River,
and along » small reach of the river near Eaat St, Louin.
The depth of water In the Chain of Rocks Canal fx de-
nigned 1o be 10 feet or greater at low river stages.
Entimated average depths of water in the river at low
river stages are shown In figure 37,

A summary of (he inflitration rates computed with
aquifer-test data for the Esst St. Louls arva in given
In table 30. Infltration rates of stream heds In Ohio and
Indiana (Walton, 1963) are alng listedd, Infiltration rates
In 1able 30 were adjusied to a river temperature of 40K
A comparison of the adjusted inlMtration rates with in-
fltration rate data for slow and rapid sand filters (Fair
and Geyer, 1951) Indicates that all stream bed (nfiftra.
tion ratea fall into the clogged slow ranit filter category

The least permeabls reach of river bed In the Eam
St Louls area is west of Wood River sbove the con.
Nuance of the Misslazippt and Missourt Rivers. The infl)-
tration rate along this reach and the infiliratiun rate
of the reach of river bed west of Monsanto below the

f of the Ml ppl and MI 1 Rivers are
low and in the same range a3 the inflitratton rate for
ihe White River west of Anderson, Indiana, below a
sewage treatment plant. Walton (1963) states that the
Infiltration rate of the White River site {3 probably low
largely becaune of the clogring effects of newage.

The highest infiltration rate in the East St. Louls
ares was computed for the reach of river bed near the
cunfluence of the Wood and Mississippl Rivers above the

] of the Misslsaippl and Mi 1 Rivers. The
Missourf River gencrally carries & greater seiiment
joad than the Mississippi River; thus It would be ex-
pected that the average Infiltration rate ahove the Mia-
sour! River would he greater than the average tnfiitra-
tion rate below It.

The infittration rate of the Misslasippi River hed
west of the city of Wl Itiver ranges from XM
gpd/acre/ft &t an avetage river temperature of JMF in
January and February tu 70,000 gpd acre/ft in Augunt
when Lhe average river tempeiature Is B2F, The inflitra-
tion mte of the river bed near the confluence of the
Wood and the Missiasipp! Rivers ranges from 308.000
gpd/acre/ft In January snd February (o 643,000
gpd/acre/ft In August West of Monaanto the Inflirs-
tion rate of the river hed varies from 47,600 gpd,/acre/ft
at an average river temiscrature of JAF In January and
February to 91,200 gpd/acre/ft at an average river
temperature of &IF In Augus.
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ELECTRIC ANALOG COMPUTER

An electric analog computer (sev Waltan  and
Prickett, 1903) (or the East S(. Louis area wan cun-
structed wo that the conseqyuences of further Jop-
ment of the ayuifir could W furccast, the pracucal wus-
tained yleld of existing pumping centers could Ine eval.
uated, and the putential yield of the aquifer with g
nelecied acheme of divelopment coulid e appraised. The
cleciric analog computer conslsta of an anatar moilel
and excitation-response apparatus, | e, wavefoin gener-
alor, pulse generator, and oxcllloacope.

The analog muiel is a regular array of resistins and

He~istors are

ersly proportional
iy uf the aquifer, a
electrosiatle rMergy in a manner analngous
Ape ol water {n the aquifer. Hydiggeologle

of transmisai

2 ooefTicient of storage of the aguifer, 3) areal extent
of the aquifer, 4) saturated thickness of the aquifer, amdt
31 lucating, extent, ant aature of squifer botmiaries.
Al nonhomogrnenus and irregular hydrogeningh: con-
ditjons were incorparated fn (he analog mwdel,
Quentions periaining ta the utllization of ground-
water resources of the Eaxt St, Louln area nequire that
umping he related to water-lavel chanpe with reference
to time and spger Changes In water levels Jue to the
wihdrawal of water from the aquifer must he deter-
mined.  Excltation.response  apparatus  force  cleetric
energy in the proper time phase into the analog mixdel

resislar-capacitor network. Onacliloscnpe traces, 1.

vol'age graphs, are analogous to time-drawdown graphs
that would result after a step function-type change in
withdrawal of water. A ¢atalog of 1ime-vollage graphs
pruvidea data (or consiruction of a reries of water-level
change mapa. Thus. the electric analog computer pro-
vides a meana of relating cause and effect relatt hips

11.3 minute quadrangle maps). Aluminum angles (1x1
inch) were attached slung (he four edges of the pg-
hoard with metal sciews (o cnable setling the mode! on
 labio o aguinet & wall without distuhing capacitors of
the analog model Instalied on Uwe uwdenneath side of
the pegl d. Coelll of «r ] tity tours
werg transferred frum fguie 23 1o tupegisphic maps of
the area which were in turn pasted vn the pegbuoinrd. No.
J brass laquered shos eyelets were Insesled in the holes
of the pegbuard 1v pruvide termnuals fur resisiors and
capacituis. Four seristorn and o capacitor were con-

tors and a capacitur were con-
minats, depending  upun  the

rechnige boundary was teiminated in &
short clrcuit. The rocharge housiary of the network
win adjustied in a step (ashion Lo approximate ihe actual
hundary of the aquifer. The mudel is bounded on the
north, cast, aml southeaxt, by blufix through which there
i & smal) amount of subsurface flow. Reslators large in

gnitude which simulate smail of aubsurface

ow through the bluff were connected to terminals along
the north, cast, and southeast boundarien of the analog

tem. The model was terminated south of Dupo. A
termination stip was constructed 10 extend the aquifer

or network consists of many dls-

crete branches, the network is unly an approximation of

a true analog. Howcever, it can be khown mathematically

that It ihe mesh pize of the network Is small in com-

parison with the slze of the aquifer, the behavior of

the network descrites very closely the response of the
N 1

tor the aquifer. A schematlc diagram of the eleciric ana-
log computer ls shown in figure 59,

Anslog Madel

The analog midel for aimulating the aquifer in the
Fast St Liutle aren was patiemed afier analop nuxiels
devetoped by 11 F. Skibitzke, mathematician, '] Gen.
logical Survey, Phaenix, Arizona. The analog mewdel con-
sistw nl n repular array of 2R00 resistors and 13530 capacl-
1ore. The analog model was consiructed whth o plece of
1/8-Inch pegboard perforated with halem on a (-Inch
aquare patiern approximately 2x35 fret corresponding
10 the dimensions of the topographic map of the ares
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Fgurn 89, Schomatic disgram of slacirls snsley computer

The model was daveloped on the yremise that ground.
water flow (n the East St. Louls arra is two-dimensional.
The finlte-difference form of the partial differential equa-
tlon (Jacoh, 1930) governing the nonsleady s two-
dimensinnal flow of ground-water {s (s~e Stallman,
1058) :

T (2R — 4h) = @' 8 (3h/30) 23
where:

R, = head at node 1 (see fgure 60A; the squifer ix
subdivided Into small squares of equal area, the
intersections of gril lines are called nodes): A, (4
2, 3, 4, and 5) = heads a1 nodes 2 to §; 8 = width
ot grid interval; T = coefficlent of irsnsmiseibility;
und 8 2 cosMciont of storage.

AL+

Figwe 40, Flalle-diflorsace grid A Vtor-capasiter el 10),
ond pumplag rate orcilloscepe trace {C)

Consider s ltor neiwork with a square
pattern as shown In figure 60A and network junctions at
nodes as defined in Agure 60B. The junctions consiat of
tour renistors of equal value and one capacitor con-
nected to a common terminal; the capacitor ls aleo
connected to ground. The relation of electrical poten-
tials in the vicinity of the junciion, according to Kirch-
hoff"'s current law, can ba expressed by the following
cquation (sce Millman and Seely, 1941; and Shibliake,
1961):

YR (X V, — 4V = C (V/ai) (24)

where:

V,_, == electrical potential at ends of resistors; Ryp =
r , and C = capaci s Vo 4=2 3 4 and
5) = electrica) potentinl at ends of resistors A-D.

Comparitson of equations 23 and 24 shows that the
fnitc-difference equation guverning the nonateady state
1wo-dimonsional flaw of grouss! water In an infinite
aquifer Is of the same fortn an the tquation governing
the flow of electrical current in a renistor-capacitor net-
waork. For every term In equation 23 there ia & corves-
ponding term of the same order of differentiation in
equatlon 24.

The sanalogy between electrical and aquifer systema
is apparent. The hydraulic heads, A, are analogous to
electrical porentinla. V- The enclicient of transmisathility,
P, Is analogous to the reciprocal of the electrical resist-
ance, 1/R. The product of the coefficient of storsge, 4,

and a' is analogous 1o the electrical capacitance, C.

Continuing the comparison, water moves In an aquifer
Just as charges move In an electricsl cinvvil, The quan-
thty of water is reckoned in gallons while the charge 1s
n coulombs. The raic of fluw of water past any point |
the aquifer in expressed in gallons per day while the finw
of eleviricity s in coulombu per second or amperes. The

* hydraulic head loss hetween 1wo paints in an aquifer ls

expressed In fert while the potential drop across a part
of the electrical circuit is in valts.

Thus, there are four units which are analugous;
there is necemanrily a scale (acior connecting each unit in
une sysiem 1o the anaiogous unit in the other system
Knowing the four scale factars the hydrologist (e able 10
relate eleeirieal units a with the analng meslel to
hydroulic units xasociatml wy n squifer The four
scale factors, X, K,, K,, and K, were defined by Bermes
(1960) aw follows:

g =KW (2%
A KLY (26)
Q =K1 (274
t, - Ko, 128
where:
g = gall 0 = coulombe; Q = gatlona per day;

! = gmperce; A = feet; V = volts; {, s dayn; 1, =
i K, = gal/ i Ky = lewt/voll: K = gat/
day/ampere; and X, = days/sec.

The relation between scale factors K, K,, and K, (s
oexpr d by the foll g equation (Bermesa, 1960)-

(KK)/K, =1 2

The analogy between Ohm's taw and Darcy’s law Is
established by the fact that the cocflicient of trankmis.
aibiilty 18 analogoua to the rseciprocal of the electiic
resistance. Substitution of these lnws In cquation 27 re-
sulte in the following equation which may he used o
determine the values of the resistora of the Interior por-
tions of the analog model (sce Barmes, 1960):

R=K/(K,T} (30)
where:

R = resiatance, In ohms; aml T = coefTicient of trans
missibility, in gpd/ft.

The following cquation (aes Hermes, 1960), whict
may be used 10 determine the values of the capacitora «
the interior portions of the analog maddel, may be derive
by taking inta conskderation the definitjons of the coft'
clent of storage and capacitance and the anatoy betwe-
(a'8) and C.

C=T48a'8 (X,/K,) (R
where:

C = capachance, in (arads; a = network spacing, |
feet; and S = corfficlent of storage, fraction.
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By the procvas of trinl and error, scale facinry were
thown w that readily avaitalte and inexpensive risin:
tors and capacitors and exixting excitation.response ap-
mratus could he upsd

Sclected analog scale factors ace glven below:

K, = 1.826x10'* gallons/coulomb
X, =1 ft/volt

K, = 1x10'* gal/day/amp

K, = 1.826X10" days/pec

A maximum pumping period, f,, of 3 years was
chosen, which is a sufficient period for water lovels to
e under the influcnce ! recharge trom the Mis.
siaslppl River Acvording 10 equation 28, with o X, :=
1826 - 10° days/sc and when t, =5 yoars, the pulse
uration, ¢, 1s cqual 10 10 seconds The Pulse gerwerator
has & maximum puise duration nf 10 ? seconds. A scale
factor K, of 1 fi/volt was seiected (or ease in reading the
merillascope graph.

A generalization of aquations 23 and 34 permita ac-
counting for variations in space of the coefficienis of
transmisgidility and storage by varying resistors and
capuciions. Fixed carbon renistors with lolerancrs of =

10 peroent were uced in conatructing the analog mode).

Values of rrsixtors were computed from equation 30
using dala on the conrfficient of transmissibility given in
Agure 23 Valurs of resisiors in the interna! parts of
the model range in magnitude from 470.000 ohma near
the biuff where T {s ahout 20,000 gpd,/ft 1o 33.000 chms
near Monsanta where I' (s about 330,000 gpa/ft. Resistors
are greatest In mapnitude, 2,200,000 ohms, along the val-
ley wall where the coefficlent of iransmisaibility ia
about 3000 gpd /ft.

Values of the capscliors of the Interlor portions of
the moir) were computed from equation 31 tn he 2300
micre rio farads The tang-term eveflicient of starage
submtitutest Insvuation 31 was 0 13,

Excitation-Responie Apparatus

The excitatlon.reeponse apparatus consists of (hree
major paris as shown in fAigure 60: A waveform gener-
stor, a pulse gencrator, and an oscilluscope The wave-
forin generator which praduces sawinoth pulses Is con-
nected 1o the irigiee eieculls of the pulse generatue and
oscilliwrupe, therehy eontrolling the repetition rate of
cumputation and synchmnizing the oscitlascope’'s horl-
rontal swrep and the output of the pulse generator. The
julse generator, which produces mectanguiar pulses of
varletie duration amd amplitude upon command frem the

L

he response of tha analug
. An electron heam s swept across
the cathwde ray tube of he oscllioscope praviding n
time-viltage graph which s analogous to the (ime-draw-
down graph for an olmervation well, The waveform gen-
crator sends a positive puise to the ascilloscope to etart
its horizontal sweep; at the same time, it rends a nega-
tive sawtnoth waveform to the pulse generator. At s
point along the sawfooth waveform the pulse generator
Is triggered to produce & negatlve rectangular pulse. The
duratlon of 1his In Jog fo the p ] pe-
Tiod, t,, and the amplituge 1n analogous tn the pumping
rate. @. This pulss Ia sensced hy the oscilloscope aa a funce
tlon of the analog madel components, boundary condl-
tions, and node pasition of the junction connecied tn the
uecillosonpe, Thus, Huscope trace Is analogous to
the water-level fluctuation that would result alter a slep
function-typr pumpage change uf known durstion and
amplitade. To provide data Independent of the pulse
repetition rate, the interval hetween puises is kept sev-
eral timen the longest 1ime constant In the analog mode).
The time constant is the praduct af the capacitance at 8
point and the reslatance in lis discharge path,

A meann of computing the pumping rate is incorpo-
rated In the circult hetween the pulse generator and the
anslog model hy the small resistor, R,, in series, shown
in Agure 59. Substitution of Ohm's Inw in equation 27 re-
suits in the ng equation which may be used o
wotnpule the pumping rate;

Q = (Vo/LM4XI0*R)) K, 3

where:
Q = pumping rate. In gpm; V, == voltage drop across
the resistor R,. in volis; and R, = calibrated resistance.

In ochms.

The voltage drop across the callbrated resistor la
measured with the uecilloacnpe. Switchea 8, and 8, are
closed and apened, resprettvely, and the oacilloscope 18
coniectedd | The wavefarm In
Ngure 80C apprars e enthode vay tube; the vertical
distance as shown I the desired voltage drop, V,

The switches 3, and 8, are returmed 1o their original
pusitions. The oncllioscope 18 (hen cunnected to all junc-
tions of the a muodel representing observation wells,
The screen of toscope Is accurately calibrated so
that voltage and time may be used on the vertical and
harlzoninl nxis. respectively. The tlme s In seconds;
the value of ench horlzontal divislon on the screen s
fletermined by nuting the duration of the rectangular
pulse and the number of divisiona coverr! hy the time-
voltage trace for a junci{on adjaceni to the pumped well.
The time-vottage graphs ohtained from the oactlloscope
cian b comverted (nta time.drawdown graphs with equa-

tions 26 and 28 which relate elecirical unite to hydraulic
unite, A catalog nf time-drawdown graphs provides data
for the constauction nf & seriea of water level change con.
tour maps. Thus, walerdowel changes are  deacribed
everywhere in the aquifer for any destred pumping pe-
riod. The pulse generator can be cnupled to many junc.
tions, and a variely of pumping condltions can he studied,

The effects of cnmplex pumpage changes on water
leveis may be determined by approximating the g
graph by & group of atep funciions and analyzing the
effect of each step function separately. The total water.
level change. baand on the superpoalition theorsm, is ob.
talned by aummation of individual atep-funciion water.
evel changea,

The pulse generstor has a maximum eutput of 30
volts and 20 milllamperes; the pulse generator and
oscllloscope have rise timen leas than 1 microsecond and
wnveform durations from lesa than 10 micmasconds to
100 milliseconds The performanee specifications of the

waveform generaior, pulse generator, and oscilloarope
are compatinle with the following desired criteria for
aunlog compulers: Jow power reguirementa, respeciive
entewlation at variable rates, and foal conmyniling sjuele

Accuracy and Reliability of Computer

The accuracy and reliability of the electric analng
compuler were asseswt by a atudy of records nf past
pumpage and water levels. Waterlevel declinen and
pleznmetric surface maps nhinined with the electrie ans-
log camputer were cnmparsd with actual water.tevel de.
clines and pirtomeiric surface mapa. The plezometrie
surface map for December 1958 (ree Ngnes RTA) whe
used to appraire the accurncy and rellability of the elee.
tric analog compuier The rffects of the prolongnd
drought (1932.1958) on water \evels are roflactod In the
plerometric wurface. ffydrographs of ohecrvatinn wrlls

. 110008 et dbes
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indicate that atabilization of the piezomeliric mirfare dur-
mg 1958 was mastly due 10 the effrets of the Missiasippl
River. During much nf the latier part of the drought
there were Innp periods when il water was In the
small atreama andd fakes in the interior portion of the
East St Louis area, and these hydrologic features had
for practical purpwsrs negligible influence on water lavels,

Computations made with cquation 4, taking inte con-
slderation the Minslssippl River (recharge v y)
and accumulated perinds of little or no recharge directly
from precipitation, Indicate that the plezmetric sur-
face for 1936 can he duplicated by using a timea (wrind of
3 years in estimating water-level dectines

Production wells were grouped into centers of pump-
ing. and the average discharges during the periot 1852
1936 for ench pumping center were determined The ana-
log muwlel was coupled 1o the excitatlon-response ap-
paratus and the pulse generator was connecied to Junc-
tirns At loeatlons of pumping centera. The « af the
pulse pEnerAInr was Al o in acrordance w
dAata and a maximum 1ime period of 3 years, The vacitin-
aenpe waR ennnevctad (o terniinalk repeesenting (dmerva.
tines weells and watrr-devel declines were computed. Thus,
water-level divllnen sverywhere (n the aquifer were de
acribed. The tolal water-level decline, based nn the super-
prosttion thenrem, at rach terminal was oblained by sum-
mation of individual effects of sach pumping center.
Only the effecin of pumping centern were thken into ac-
count and the averace stage of the Minsissipp! River was
asumed to he the <ime In 1956 as it was In 190 Taw-
ever, reoneds thow that the average stage of the Missis-
sippl River was shnut 11 (ret lower In 1958 1han in 1900,
The effact of the change In the avernge atage of the
river on water levela was estimated hy coupling tha
pulne generator tn junctiong in the analng model along
the river and measuring water-level changes due 1n the
given change of the siage nf the river with the nacillo-
ropr eonnecied 1o junctions In the interine portlons nf
the analap mode) :

The abave water-level declines due 1o the decline In
river stage wers superposed upon water-level changes
due 10 frumpage. and & waterdevel change map coviring
the periad 1900 10 Drermber 19% was prepareit A pleto-
metric surface map (figure RN was constructed by
miprrpnsing the w.ater-trvel change map on the piezo-
metric surface map for 1900.

Fenturea of the plezomeiric surface map prepared
with data from the analog eomp and the re
surface map prepared from actunl water-level data are
generally the same, as shown In Ngure 61 A comparison
of waier-level elevations for selecied pumping centers,
hased on the analng computer and actual plezometric
surfare mapa. are given In tahle 31. The aversge slnpe of

Table 31. Cempariton of Anslag Computer and Actual
Piesomaetric Surface Maps for Decomber 1956

Weser level stevviian

(1 dbove md)

Fa

. romer” Asslag 1 emymier A omal
Allon area s s
Waood River area an ITN
Granite Cliy area ms 0
Nationat Clty area an s
Monsanto area a0 ith]
Canryville area 4 4

the plezometric surface in areas remote from pumping
centera from both maps was 3 feet per mile. A compard-
0n of gradients from analog computer and actual plezo-
meiric sirface mapa in the vicinlly of pumping centers
Is given In tahle 32

Toble 32. Comparison of Anslog Computer and Actusl
Hydreulic Gradisnts of Piezromatric Surface Maps
for December 1958

Avorage grodieet (i/ms)

Pomping

RIS Asaing cnmputer Acaal
Alton area 15 13
Wad River area 1 1%
Granite City area 0 an
National City area 1n 10
Monsanto nrea 0 Pl

Differences in analog and actual pi tric
surface maps are not significant when considered in re-
Iation to the accuracy and adequacy of genhydrologie
data. The close agreement helween analng computer and
actual pirzametele maps nten that the analog com-
pler may he used to predict with reasonable accuracy
the effects of fulure ground-water development and the
practical sustained vield of exisiing pumping centers.

PRACTICAL SUSTAINED YIELDS OF EXISTING PUMPING CENTERS

In 1962 watier levels were not at criticat stagen in
any pumping center and there were areas of the aquifer
unaffecied by pumping Thus, the practical sactalned
yleid of existing pumping centers excewds taral with.
drawals in 1962 The practical sustained yield I here de.

sS4

fined sa the rate at which ground water can be con-
tinvourly withdrawn from wells in exlsting pumping cen-
tern without lowering water levels to eritical stages or
excreding recharge Groiind water withdrawn from wells
lens than 1 mile from the river was nat considered.

Fgure 42,  Arees of diversien in Novombar 1961

Areas of diversion of pumping In N
1981 are shown in figure 82. The boundaries of aréas of
diversion delimit areas within which the general move-
ment of ground waler is toward production wells. The
area (59 sq mi) north and east of Graniie Clly and south
of Wond River and a larger area south of Prairle Du
Pont Crack through Dupo and south along the Miasis-
alppl River were outside areas of divers As shown In
figure 63, the area nocth of Granite City outside areas
of diversion was much smatler, covering about 30 »q
mi, In Decemnber 1956. Pumpage In the Granite City area
was 30.1 mgd in 1936 and 8.8 mgd in 1961,

Most of the coeflicient of transmissibility of the val-
ley Al deposits can he aftributed 10 the coarse alluvial
and valley-train sand and gravel enocounicred In the
lower part of the valley fill. The thickness of the medium
sand and cnarser alluvisl and valley-train deposits was
determined from logs of wells and s shown in Agure 64
The thicknea of the coarss alluvial and valley-teain
mnd and gravel exceads 60 feet in an ares south of Al-
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Figurs ).  Araas bl diversian in Decomber 1984

ton along the Mississippl River, in an ares near Wond
River, In places along the Chaln nf Rorka Canal in »
atrip 1/2 mile wide and ahout 3 miles long throwgh Na-
tional City, in the Monsanto and Dupo areas. and in a
atrip about 1 mils wide and 4 miles long nenr Falrmont
City. Thicknrasea average 40 feet over a Invge part of the
East St Louls area. The coarner tlepoaita dininiah n
thickneas near the bluff, west of tha Ch of Hncka
Canal. and in places along the Minslaeippl River

The avallable drawdown to the top of the medium
sand and onarrer deposits waa estimated hy comparing
elevations of the top of the madium rand and coareer de-
posita with elevatinng of the plezometric surface map for
June 1962 (Axure 34). As thown In Agure &4, avallahle
drawdown [a greateat {n undevelopm! areas, exeending
RO fect in the vicinity of Long Lake and In an area suth
of Horseshor Lake, Tn a large part of the area avallahis
drawdown exireda 60 fovt  Aversge avallahle draw.
down within pumping centers was estimated to be 40 feet
In the Alton area, 20 feet In the Wnod River area. 33 feet
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in fower part of valley Al

in the Granite City area, 30 feet in the Nationa! Cliy
arem, and X0 feet in the Monsanto area.

When pumping water levels in Individual production
wells are below tops of screens, partial clogging of
screen openings and the pores of the deposits In the Im-
mediate vicinity of the wells is greatly accelerated. To
Insure long service lives of wells, pumping water levels
shauld be kept ahave topa of screenn Alaa, when waler
levels decline to stages below the top of the coarse al-
luvial and valley-train sand and gravel and more than
one-halt of the aquifer ia dewatered, drawdawna due to
the riTecis of dewstering hecome rxcessive and tha ylslds
af wells greatly decreass. Thus, critical water levels nc-
cur when pumping water levels are below topa nf screens,
or more than onc.half of the aquifer in dewnfored, or
both.

Critical nonpumping water levels for existing pump-
Ing centers (tahle 13) were estimated on the haais of
well-construction and perfnrmance data and figures 6, 84,
and €3 taking into conalderation the sffects of drwatering.

After critical wainr levein have hoen rrached, Individual
wells in pumping centers will havae ylelds excemting 450
Zpm.

Table 33. Critical Nonpumping Water-Leve!
Elevetions for Existing Pumping Centens

Prrrmpeng 1 rmier
Allon area an
Wood River aien AN
Cranite City area 4
Natinnal A4
Monans e

The rleciric analog computer with A pumping period
of § years was used 1o delermine pumplng center dls-
charge rales that woullt rpuse water lnvels in all major
jumping centrrs o ne (o the critical stages In table
A3 Severnl values of harge were assumed and water-
lvel declines throughean the Enat Si. Louls nrea were
sistermined. Water-level declines were superposed on the
1900 plezometric surface map together with changes in
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Fgwre 45,  Eutimeted avalloble drawdows to tep of
medivm sond and cosrrer depedits In June 1943

water invels due tu the changes In' the stage of the Mis-
sissippl River, and plezometric surfnce maps under ae-
sumed pumping conditions were prepared. The pumpling
cenler discharge rates that resulied in & plezometrie sur-
face map with the critical water-level elevations in table
33 were amigned to the pracil lned ylelds of the
pumping centers, The practical susiained ylelda of the
existing pumpling ceniers are given tn table 3.

Table 34. Practicsl Sustained Yields of Existing
Major Pumping Centers

Yoas off
Adbinst  Praciwal  which prartial
weiniord  wistaimed prebd

Fusapin ) yiekl —ay I

e £ fmedl _ saerded
Alton area 63 87 L} 2000
Waod River aren 141 L3 xn 199
Granite City aren a5 L33 11 1980
Natlonal Ciiy ares 116 X} 1R 2000
Maonasnio nrea n48 04 2 1469

Total 841 20 a2

Eatimates were made of the prbable datea when
practical sustained ylclds of existing pumping centers
may be exceeded. Pumpage totals from 1850 through

of pumpagr
estimated

will remain the same as It was In 1962
that the practical xuatained yleld of the Alton ares
pumping center (16 mgd) wiil he reached after the year
2000; the practica) sustalnsd yield of the Woent River
arca pumping center (20 mud) will he reached about
1990; and the practical susiained yleld of the Granite
Clty area pumping ceniter (15 med) will be eeached
about 1980.

It is estimated that the practica! sustatned yleld nf
the National City area pumping center (I8 mgd) wilt
be reached ahout the year 2000. The rate of pumpage
growih In the National City nrra may Increase markes!
ly, huwever, brcauae of the cffecta of a seriea uf diain
age wells being Instalird to permanently dewater s o
along an Interatate highway near National City Pump
age from the dralnage wells waa not known at the tine
this report was prepared.

P in the M area during 1962 (221
mgd) s near the cstimated practical sustained yleld of
23 mgd.

No great accuracy is inferred for the eatimated dater
when practical susataine ylelds may be exceeded In table
34; they are given nnly 10 ald future water planning. A

1962 in the Alton, Wood River, Granite City, National
Clly. and Monsanto areas are shown in figures 33 and 38.
The past average rate of pumpage increase in each ._!l:v.
Ing center was estimated and exiended to intersect the

POTENTIAL YIELD OF AQUIFER WITH

The electric sanalog computer was used to describe
the effects of a selected scheme of development and to
determine the poiential yleld of the aquifer under as.
sumed pumping conditions. The potentlal yleld of the
aquifer is here defined as the maximum amount of water

L polation of the pump grapha In Ng-
ures 33 and 3 suggests that toial ground-water with.
drawals [rom wella In exiating major pumping centers
will exceed the practical sustained ylelds by ahout 2000

A SELECTED SCHEME OF DEVELOPMENT

to decline 1o the critical stages ! table 39. Severat values
of discharge in major pumping ceniers and anticipated
discharge rates for minor pumping cenlers based on
extrapolations of pumpage graphs for minor pumpag:
centers to the year 2015 were assumed and waier-leve
decli throughout the Eant Si. Louls area were de

that can be continuously withdrawn from a sel d sys-
tem of well ficlds without creating critical water levels or
exceeding recharge.

The dlstribution of pumpages with the selected schome
of development Is shuown In figure 66. A comparison of
Ngures 66 and 34 showa that, with the exceptions of three
new pumping centers near Lhe river and one new pump-
Ing center In 1he Dupn area, the selected scheme of de-
velopment [s the same as the actual scheme of develop-
ment In 1962,

Critical nonpumping wnter levets for existing and as-
sumed pumping centers (see iable 33) were estimated
from figures 6, 84, and 65 taking into consideraiion the
effecta of dewatering The eleciric annlog computer was
used to determine pumping center discharge rales that
would cause waler levels In all major pumping centers

termined. Model aquifera and mathematical models
(Walton, 18682) based on avaliable geohydralogic date
and Information on induced Infiiration rales were e
to determine the local effacte of withdrawals in pumplo
centers near the river. Waler-level declines were super
posed on the plezometric surface map for 1900 togethe
wilh changea in water levels due (o the changes in it
atage of the Missinalppl River, and piczometele surfac
maps under assumed pumpling conditinns were prepared
The tuial pumping cenier discharge rate that resulted
a plezometric surface map with the critical water-leve
elevations in table 33 was assigned (o the potentlal ylel:
of the aquifer with the selected scheme of development
The potential yield, subdivided hy pumping center, ir
given In table 33: water-level declines and approximat

5
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elevations of the piezumetric surfuce with the solected
schemae of development are shown In figures 67 And 68,
respectively.

The pumpage graph in fAigure 32 was extrapnlated in-
to the tuture. Assuming that pumpage wiil continue to
gruw in the future ag it haa in the past, tutal pumpage
in the East St. Louis area will excewt the potential yield
with the selected acheme of development (IKR mgd)
afier about 52 years or by 2013. A careful siudy of Aigures
25 and 66 and data on inflliration rates of the Minxixsippi
River indicates that there are sites near the river where
additional pumping centers awld be develojed. Thua,
the patentia)l yirld of the squifer with oither pepssible
achemes of deveiopment exceeds 188 mgd.

Rechorge by Sewrce

Fluw lines were drawn at right angles to plezometric
surface contours in figure 68 and areas of diversiun (sce
fgure 69) of pumping centers were delineated. Recharge
directly from precipitation 10 each pumping center wns
computed as the product of sreas of diversion and the

ove
Fgurs 84. Dirirlhntion of pumpege with 1alacted
shome of dovelopment

ok 4
1
il .M._i.a_

average 1echarge rate (370,000 wpd/sq mi) Rechaiye
from subsurface flow through the biuffs to each pump-
ing center was computad as the product of the fengths of
the blulf within areas of diversion and the aversge rete
uf subsurface Now (129,000 gpd/mi). Recharge from In.
duced Infiliration of surface water In the Minsissippi
River to cach pumping conter was detesmined Ly aub.
traciing the sums of rechaige directly from precipitation
and subsurface ow from discharge raies in table 33, Re.
charge subdlvided by source is given In table 36.

It Is estimated that 383 percent of the 101al puten.
tal yield of the aquifer with the sclected acheme of de-
velupment will be declves) from recharga direetly from
precipliation; asbout 373 percent will be derived from
recharge by induced Inflitration of surface water; and
about 62 percent will e dderividd from rachsrgne hy sub.
wurfacre flow throm luffs

Recharge amounis in 1958 and 1961, subxiivided hy
scarce, arc also given in 1abie 36 The percentage of
recharge from Induced infiliratlon of surface water In.
creases na the total withdeawal rate increases. As shown
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Toble 38,  Petentisl Yield of Aquifer with
a Selected Schome of Development

Femprag sowiee (mpd)
Alton area
1 180
Pl v
Wood ILiver wive
1 a0

3 10

Monsanto ares
1 3.0
2 1.0
Dups areu 19.0
Poag 20
Glen Carbon 10
Troy 10
Caneyville 4.0
Fairmont Clty a0
Total "y

Y
\. ..a |
ﬁ/-,_f:z.
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X \
. 1
1 \ -
! 1}
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In Agure 8 areas uf diversion with the ereciod scheme
of development cover most of the East St. Lauia area
Recharge directly from precipitation nnd  subsurface
flow through bluffa Is therefore nearly at 8 maximum
Additlonal pumpage wii! have to he halanced with re.
charge mastly from taduced Infiltration of surfsce wa
ter. This can best he accomplishml by developing addl
tional well fNelda near the Missisaippl River.

Average head losses benenth the M tppl  River
bed and river-bed areas of induced Inflltration. associatee
with pumpage In 1962 and with the selaciad scheme 0!
development, were estimated bassd on Infltration rate:
and aquifer-est data. Average head loascs are murh les
than (he estimated depths of the Miasissipp) River glver
in Agure 57, and river-bed areas of induced Infiitration ar.
small In comparison to the river-hed area In the Eaet S
Lois ares, Indicsting that rkcharge from the induce! i
fitiration of surface water with the seincted achrme «
development is much lrss than the maximum possible in
duced (nfiltration.

tyem? Poym
L.. .\ﬂ

i

1 L8

AL
;-

(R

Figors 0. Aross of diversiaon with solested
whome of development



Table 36. Recharge with Selected Scheme of Development and in 1956 and 1941, Subdivided by Source

Sebeeiod bt of developarst

Feoeup ol
Fuamag iiona puingo Wiwn
o ntar rmpdy 1mgd tmgd)
Altin avea I8 PAD] 14
Wl River gres 7.3 M2 T
Adtehicl! area %3 180
Gramite City
area na 09 29 130 168
National Qity
area 99 10 146 305 9.0
Monsanto sres "y 45 Mo m7
Iuper aren 190
Pang 20 20 0y
Glen Cartusn R 02 1T o2
Troy uR 02 1.0 uy
Caseyn ille P [ 40 '3
Fatrmont City 6 LYy 24
Total 615 103 96 9 1817 bR
Mot sommind, wases borng salan o1 of Hocnes
WATER
The chemicsl o of the g d-water in the

East S1. Louis sren _-;..al.r-!‘-«l-o—t-.
ter from 183 wells, The results of the analyses are given
In table 37. The constituents listed in the labls are given
in foric form in paris per million. The analyses of water
from weils were made by the Chemlistry Soction of the
State Water Survey. Chemical analyses of water from

chemistry section. The locations of selected
given in figure 70. The sampling periods are listed in
tuble 38, which pruvides a summary of the results of
periodical  chemical analyses of water from selccted
wells.

Ground water In the East St. lLouls area varles In
qQuality at diffcrent geographicsl locations. The guallty
of water also varies with the depth of wells, and may
uften be Influenced by the rate of pumping and the idie
period and time of pumping prior to collection of the
sample Bruin ardd Smith (1933) noted that reiatively
shalluw wells of & depth less than 30 feet are Iy general
quite highly minernllzed and frequently have » high
chivrkie content Water samples from wells In heavily
pumped areas often have high sutfate and Iron contents
and a high hardness

Inducerd  infily
River affects the chemical quality and temperature of
water In wells a1 many sites. All other [actors belng
equal. the clogrr the well o the river the greater wiil
he the cffect of Induced infiltration on the quality and
temperature of water In the well. In most of the analyses
In tables 37 and 38 the effect of induced Inflitration of
river water Is not evident. Data in fAgure 71 Nusirate
the #ffect of induced infltesthin of water from the river
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on waler in a collector well owned by the Shell Oil
Company located west nf Wond River Immedintely
adjacent to the river. The nvrrage monthly mnge In
temperature of water In the eoliecior well varies from
about SOF during the late winter and early spring manths
to about TOF during the late rummer and sarly fall
months. Temperatures of the rher water vary from
a low of about MF during January and February to a
high of sbout B4F during July and August. The highs
and lows of the temperature of the water from the col-
Jector wel) lag behind corresporviing highs snd lows of
the temperature of the river water by 1 to 2 months,
as shown in figure 71. During the period November 1953
to March 1938 the average monthly iatal hardness of wa.
ter from the collector welt varied from a low of 180 to
a high of 253 ppm. During the same period the average
tntal hardnesg of the river varied trom a low of 150 to &
high of 228 ppm. Tn general the water from the collector
well 1a tess hard than water in wella away from the river.

“The herdness of waters in the Fast St. Louls srea, 88
indicated In tahls 37 ranges from 124 to 1273 ppm and
averages 439 ppm In general, wafer In excesa of 300
ppm hardness ia found In wells less than 50 feet In
depth The Iron content ranges from 0 to 25.0 ppm and
averages 8.2 ppm. The chloride content ranges from 0
10 640 ppm and aversges 27 ppm. Fluoride cnntent ranges
from 01 to 0.8 ppm.

The tempersture of water from 12! wells In the
sand and gravel aquifer ranges from 53 to 63F and
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ages 3T.3F. A | variation In lemperatures of

water in wells fa not readily apparent,

Chemical analyses and temperatures of water from
the Mississippl River at Alton and Thehes, Nitnolr, are
given in tahles 39 and 40 respectively.
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